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PREFACE. 


This little book is written solely with the object of supply- 
ing a want felt by the beginners m collecting full information 
on the matter of -Chemical Theory or General Chemistry, as 
well as in selecting a separate book dealing with chemical 
calculations. . ,, ^ *- 

' V - \ 

In this book I have’ tried to treat chemical theory and che- 
mical arithmetic conjointly so that the student w.ll get the 
treatment of the theory, immediately followed by the examples 
based upon it. The methods of working out the examples on 
the different theories are given m the typical examples. 

I have always kept in mind the standard and have tried to 
make the subject matter as easy as possible. However to make 
the book a complete volume by itself, some three chapters are 
given which are not just exactly within the scope of the Inter- 
mediate Science students. 1 have adopted a separate kind of 
type for the subject matter which I think a little beyond the 
course but necessary to form a complete chapter by itself 

This book is intended to be a very good substitute for the 
text-books by Smith or Holleman or Newth recommended by 
our University as supplements to that of James Walker. In 
the above text-books there are a good many points, though 
quite essential for our standard that are not there, especially 
as the books are written for the European standard where 
the student is already acquainted with a good many facts 
before he enters the science classes. 



‘ ’ Some fewtfpipendices dealing with some usaftfl points are 
given tb facilitate the work of, student! Especially 
the University Examination questions given in appendix F will 
clearly show the utility' of.Such a book and'the importance the 
various examiners attach tp this kind Of subject matter. In short 
every attempt was made to make this book a very useful 
companion reader to th'q-iisual text-books wherein the Chemical 
Theory is distributed throughout the volumes to suit the indi- 
vidual subject matter. ^ 

I have taken full help of the : yarious standard text-books, 
such as those by Hollema'n amd ’Cooper/ JNewth, Senter, 
McPherson, Alex-Smith, Hilditch, 'Coward and Pbrkin, Sears, 
Bauser, Hale,, and etc 1 ant indebted to tlife above gentlemen 
and specially so to Rev Fr. 'J. F. Caius the Director of our 
laboratory for lendmg me >is private note-bppk and allowing 
me the use of it in casting pp 'these chapters. , , 

I sincerely thank Prof S. K Chhapgar B.Sc. and also 
Mr. J. B. Sane B.Sc. for going through the manuscript. 

The present volume is .printed on the best Indian paper 
available, here in the Bombay market 

St Xavier’s College, 

16th June 1924. 


}' 


R N. BHAGVAT. 
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CHAPTER I. 

* 

■■ ■ 

Introductory. 

Chemistry as an art was practised thousands of years ago, 

before the Christian Era, hut as a science it dates no further 

back than the middle of the seventh century. 

«* 

"As a science chemistry is essentially a thing of the 
present, or rather of the present and the future. Its progress 
has been so rapid, and often so sensational, and it has so 
frequently revolutionised industry and trade or modified 
civilization by the introduction of new and widely used comforts 
that its votaries are apt to forget that it has a past. They 
forgst that many chemical facts, products and processes have 
been known from a period considerably earlier than any of 
which we have a historic record. As a true science, indeed, 
chemistry fa only between one or two hundred years old just 
as astronomy is less than three hundred years, but like astro* 
nomy, it has been known and practised as an art continuously 
since prehistoric times. Just as astronomy had its false philo- 
sophy, and was by astrologers associated with superstition, so 
the great philosophers taught false doctrines concerning 
chemistry, and alchemy was associated with superstition in the 

hands of magicians of the Black-Art and transmuters of the 
metals ". 
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* * 4 L 

Science. 


Natural. 


; ' '■ , 


Physical (speculative) 

t ' | 

I 


Psychological. 
Biological (descriptive) 


I 


_ Botany. Zoology. 

I 1 

Physics. Chemistry. a 

, . • <- . 

Inorganic. ‘ «> Organic * 


] " 7 }‘ , 

f heorcticnl. Practical ■ 


Qualitative. Quantitative. 


-Analytical. 

-Synthetical. 


SoiBHCB_ is_called.universal knowledge derived from parti- 
cular facts, and art is the application of that universal know- 
ledge to particular facts. 

In general usage the modern term Science ( Scientia from 
Scire = to learn, to know ) has come to mean an ordered know- 
ledge of the phenomena or appearances of Nature, and of the 
connections or relations which have been discovered between 
them. 


1. Psychological Science. (Psyches soul) is concern- 

ed with the phenomenon of the mind and the 
influences affecting it, primarily of course the mind 
of man. 

2, ’Natural Science Every thing that exists or every- 

thing that which itself or its effects can be felt, is 
Nature or Universe, and hence its knowledge is 
natural science. It is divided into two branches 
’ (i) Descriptive, and (z) Speculative. 



r i ' O 

•* - * 

' *• , i 

3, Biological Science CJBios*life, logos* discourse) 

treats of living things andVof those special problems 
of matter and, energy to’w&feh their life gives rise. 

4. Physical Science (A. physis = L. Natura) is that part 

of science which deals with shatter and energy 
without reference to life, *- 

a 1 * 

Physical science^ is^ divided Jnto physics and chemistry.. 
Physics deals with temporary, ’and chemistry with permanent 
or lasting changes in matter. 

"Matter Js. anything Jthat-exists'or whose existence can be 
recognisgdLhy. the jlelp__oX t our five.senses” ( Sight, taste, touch, 
smell and sound), or anything that occupies space -and- has 
wei ght is called matter. J ^Cirj?thing possessing extension and 
impenetrability”. \ ' 1 

It may be in, --either 'of the three forms, or states of 
aggregation. 

’ **Matter- - 

I 

i ^ J 

(1) Solid. - Fluid 


(2) liquid. (3) Gas. 

These can be easily distinguished from one another by 
their characteristic properties. The chief ones are : — 

A solid substance retains its shape unless or otherwise 
acted upon by some external force. The amount of force re- 
quired depending upon the nature of the solid— soft or hard — 
as well as on its original shape. Thus a piece of lead is more 
easily bent than a similar piece of iron ; and a strip of tinfoil 
more easily than a thicker strip of sheet tin. A solid body has 
the property of regaining its original shape provided the force 
applied is not too great ; and thus it is said to be elastic as 
regards shape. The volume of a solid is almost incompressible 
at constant temperature. 
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V , 

The shape of a liquid, On the other hand, is very easily 
altered and assumes the shape of the vessel m which it is put 
as for example when water is poured from one vessel into 
another. Liquids are just as solids almost imcompressible but 
just slightly more than the solids. 

The shape of a gas is not only more alterable than that 
of a liquid but when placed, m any vessel, the gas has the 
property of filling completely -and hence assuming the shape 
of the container. Again the volume of a gas is very easily 
affected by pressure unless and otherwise it is already too high. 
Thus to define the three states of matter * — 

A Sol i d is that whose particles have greatest cohesion 
and lienceja solid.has a defimfesizc^and shape. 

A Liquid is that which though' has a. definite size lias no 
definiteshape~asT.lie' cohesion betVeen its particles is not much. 

A Gas is that where thepartlcleS have not only no cohe- 
slon^but on the contrary appear, to have repulsion though 
really it is not so and thus have no definite size and no.defimte 
shape 

Coming again back to the history, definition and origin of 
chemistiy we have to soy that ''Chemistry is that science 
which by means of experiments tells us of the composition and 
properties of all the bodies composing the Universe" or 

^Chcnnstryjs that branch ofnatural science which _deals 
with the intimate composition of bodies" or 

"Chemistiy treats of the composition and molecular struc- 
ture of substances, of their properties in relation to their 
composition and molecular structure, of changes in theif com- 
position, and of the effects attendmg such changes Physics 
treats of the properties of substances without relation to their 
composition, and of changes in state that do not involve 
changes in composition." 
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The Indian equivalent for^ Chemistry, * 

* WlW Rasayana Shastra Juice, and sfRH, 

aHlHH s= Way. ] in older works means science of medicine, 
preventing old age and prolonging life. Later on it was applied 
to the employment of mercury and other metals in medicine. 
Incidentally then it came to mean also alchemy, and now it 
means even chemistry proper. ' v 

The English word chemistry comes from the word alchemy 
which in turn is supposed to be from Khem or Chemia- Egypt, 
the land of dark eqloured Soil. Hence an art developed in 
that land (dark coloured) is Chemiea. Then the adjective of 
the soil was somehow or other transferred to the art and thus 
it became a ‘Black art’. It therefore was a black art either 
from the colour of the soil or .from the fact that it was preser- 
ved very guardedly (especially by priests) as it used to give 
many miraculous results. Instead of black some will have it 
as a 'secret art 1 , a science not to ba- v divulged to the populace 
but treasured up as a religous secret 'The priests were adepts 
in chemical art, and chemical laboratories were occasionally 
attached to temples. 

The origin of the science of chemistry must, therefore, be 
sought in the art of alchemy. The alchemists were mistaken 
in many of their ideas, and engaged themselves in a search 
for what was by them unattainable, yet in the course of their 
labours they gained much definite information regarding sub- 
stances, devised and performed many apparatus and chemical 
operations, thus giving a large collection of facts for the future 
workers to base their theories on them. 

Chemistry .as an art can be traced even to the Vedic 
period ( 2000 to 700 B. C. ). Later on we find chemistry de- 
veloped only as regards medicine and surgery. 

Tho alchemists were after finding out three things, (1) 
Philosopher’s Stone ( a ) Alkahest (that which dissolves' 

all), and (3) Elixir of life 
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The gradual development of the chemical science may 
be considered roughly to nave the following order : — 


Medical ( & surgical }' 

4 ■* 

Technical ( 'preparing medicines ) 


Alchemical 



i 

Philosopher's stone. 
Alkahest. 

Elixir of life 


Chemistry proper 


(zoo to 300 B. C ) Charaka, a book on medicine, 
and ggcT, Sushruta (800 A. D. ), a book on surgery are 
supposed to be containing bold attempts in chemical art. 
Surgery died on account of the Buddhistic influence. 

The use of the Expression 'Chemist' to indicate a 'druggist' 
reminds us of another branch - of alchemy, the art of making 
drugs as opposed to Jthe ^-expression chemist to indicate an 
individual adept in chetincal philosophy. 

Ancient Civilisation in general belonged to three chief schools have- 
mg mutual influence on one another at different periods It is something 
like this — 


Civilization 



Ceylon 

The following are the chief subjects which were the speciality of the 
different countnes 


Assyria — > Navigation 

Egypt — * Stone work and Wood work 

India — » Cotton and Metals. 

China Porcelain and Printing 
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Hypothesis - Theory - Law - Fact. 

‘ ' T 

It is a common belief that the fim and object of science 
is to explain things. As a rule the so-called explanations of 
science do not usually get much beyond describing the obser- 
ved facts or phenomena. Science may explain a phenomenon 
by describing how one event is determined by an anticedent 
event -cause- , and how one particular set of conditions -the 
cause or causes- can give rise to another set of conditions 
-events- . But owing to the limitationsfof man’s understand- 

m ► S 

mg we are far from comprehending the true relations and the 
true causes of natural phenomena. 

Chemistry -an experimental science- is based on facts, 
established by experiment. A mere collection of facts, how- 
i ever, does not constitute .a, science.-. When a certain number 
of facts have been established the 'ichemist proceeds to reason 
fiom analogy as to the behaviour of systems under conditions 
which have not yet been investigated. From the results of 
these investigations he concludes from analogy the nature of 
the behaviour of the above and proceeds to generalize, and 
the short statement of the conclusion arrived is termed a 
‘generalization’ or Law. It will be evident that a law is 
not of the- mature of an absolute certainty. It comprises the 
facts experimentally established, but also enables us to foretell 
a great many things which have not been, but which if necessary 
could be investigated -experimentally- . The greater the 
number of cases in which a law has been found to hold, the 
greater is the confidence in its validity, until finally a law may 
attain practically the same standing as a statement of fact. 

Natural laws can be discovered in two ways (r) by 
. correlating a number of experimental facts, or (s) by a specula- 
tive method on the basis of a certain hvoothesis as to the 
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nature of the phenomena in question. As referred to already, 
owing to limitations of man's understanding, we are compelled 
to build an imaginary model showing how a given set of 
conditions -hypothesis- can produce a (certain effect) particular 
event. A phenomenon is then explained by showing that it 
would be bound to.occur by the operation of the set of condi- 
tions postulated by the hypothesis, and consequently hypo- 
theses are eventually guesses at truth. 

A hypothesis may therefore be defined as a mental 
picture (of the mechanical model which, if real, would act in 
the same manner) of an unknown or largely unknown, state of 
affairs, in terms of something which is belter known. From 
the statement of the hypothesis conclusions can be formed, 
some of which can be tested by experiments If the latter 
really lead to expected results, the hypothesis gains in proba- 
bility. If it is subsequently found to .explain and link together 
a whole series of phenomena, it becomes a Theory, and so the 
process of constructing a mental picture of suoh a kind is called 
•forming a theory’. 

‘ Thej;e does not appear to be any fundamental distinction 
in the use of the terms ‘hypothesis' and ‘theory’. A theory 
may be defined' as hypothesis, many of the deductions from 
which have been confirmed^ by experiments, and which admits 
of the convenient representation of a large number of experi- 
mental facts 

An hypothesis contains a speculative term, an assumption 
which goes beyond the observed facts; while a law is a 
generalization which does not extend beyond the observed 
facts, A law is thus limited by the facts it describes, when 
an hypothesis has been so extended that it has a wide and 
comprehensive scope, the hypothesis becomes a theory. Like 
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I.] 

the hypothesis, a theoiy usually contains an “unproved” 
assumption- e. g. the kinetic theory, hie atomip theory. 

The meaning of lams m Science. In Scientific language 
some fact which is the invariable rule is called a 'Law', and 
you must distinguish clearly, at the outset, between the word 
'Law' used in the scietific sense as just explained, and the 
same used in ordinary language to describe on artificial rule, 
such as laws of Indian Government These scietific Jaws rifer 
jio_explanations_of the facts which they state, nor do they 
place any restrictions upon nature, which compels obedience, 
^ThHaWifenacted by a legislature"T5mdTsoefely. They are 
in short, simply -concise statements of what might be called 
“the habits^ 1 of nature as observed tn experiment, and state 

requisite conditions, 


that so methin g -fact- which under the 

V” 



CHAPTER II. 


Q 

Constitution of Matter. 

■ o 

It is but quite natural that when we begin to look round 
about us and begin to think about all the phenomena and the 
occurrences that are taking place every day, the first thing 
that strikes us is about the why and wherefore of everything. 
This natural curiosity further leads us to the examination of 
the things that are taking part in these various phenomena. 
This curiosity and the consequent experiments reveal to us that 
the variety of forms which matter assumes in all the wonderful 
transformations of nature is practically infinite, and these can 
be classified in a great many ways according to the object in 
view. The chemists are chiefly concerned in the composition 
of substances and in their chemical energy, together with the 
changes that take place in both of these 

Everything around us is said to be composed of matter’. 
A dear and satisfactory definition of such a fundamental con- 
ception as matter cannot be given, but for our present purpose 
we may regard : 

Matter as_anything possessing Extension and Impene-. 
liability or which occupies space and has weight, or that which 
can be felt by our five senses, in short matter is that -which 
exists. Any definite J>ut limited portion, of matter such 
as a piece of sulphur or a piece of granite or a lead pencil is 
termed a body or a thing. Bodies differ, however, in com- 



CONSTITUTION OP MATTER. 


II 


«• ] 


plexity. The material of which the piece of sulphur is made 
up, is homogeneous to the naked eye, and even under the 
microscope, whereas in things like granite three different con- 
stituents can be readily distinguished -a white crystalline part 
termed quartz ; a grey portion, feldspar ; and the third nearly 
colourless lustrous scales, mica- . Each of these three compo- 
nents is in itself uniform or homogeneous to the naked eye. 
Such homogeneous materials which are definite kinds of 
matter are termed substances, whilst sulphur is made up of 
a single substance, granite is made up of three substances, each 
of which is characterised by its special properties. 


The important distinction between bodies and, substances 
'should be carefully noted. Pins, chains, hammers, screws and 
nails are different lyjjiies, but all of them may be composed of 
the same substance, steel. 


Having seen the differentiation between matter, snbstance 
and body, the nest things naturally to be considered are the 
products of the various analyses. Experiments clearly show 
that a good many substances can be split up into somethings 
simpler than the original ones. Thus if we take water or red 
oxide of mercury, we know that any of these two apparently 
simple bodies can be split up atleast into two each, provided 
sufficient temperature is allowed? But if we take a hand ful 
of sand from the sea-shore or a piece of a brick, we see with 
our naked eyes that there are different kinds of particles. Not 
only this but further these particles are so different from one 
another that we can separate some shining material, some dull 
black material, some red material and so on. 

Thus we see that all the materials around ns are neither 
simple things alone nor things made up of different things put 
together alone; but we come across both types, and the 
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complex ones can be separated into simpler ones either by 
easy moans or somo powerful agents. Hence : 


Things— substances 



Simplo ( dements i Complex. 



Molecule Substance. 

{ compound j 


Solutions. 



Ordinary. Colloidal. Emulsion. 



Simple Chemical 

( real J ( apparent ) 


* The results of various analyses show that most substances 
can be split up into something simpler but there are about 
eighty bodies which cannot be decomposed nor can be formed 
by the union of the other bodies. As yet no , chemist has 
separated from oxygen anything but oxygen, from sulphur 
anything but sulphur, nor from mercury but mercury. These 
simple substances are therefore called elements ( elementum= 
element ). Element is therefore a conventional term employed 
to represent the limit of tbe present ,day methods of analysis 
or decomposition. 

Thus _ an element is a. body which cannot be split up into 
anything simpler by (human) means at our disposal. It i6 
also called a * chemical primary.’ 



CONSTITUTION OF MATTER. 


13 


h. 3 


In course of time it came to be known that elements, 
besides being undecomposed have other properties in 
common * — 


1. All elements in the solid state have an atomic heat 
(atomic weight x specific heat) approximately equal 
to 6. 4. 


z. They can be assigned a fixed place in the periodic 
table, 

3. Every element has a spectrum characteristic of its 
own, and quite different from any other element. 

<* fyHence, now-a-days, a body incapable of any further * 
decomposition into still simpler bodies by any means at our 
disposal, having an atomic heat equal to 6.4, fitting well in the 
penodic table and having a characteristic s pe ctrum is called , 
an element. 

1 

The number of elements is steadily increasing either due to 
the discovery of quite new ones being discovered that had 
escaped detection or isolation so far, and secondly to the 
decomposition of a substance so far considered as an element 
into still simpler bodies. In short the differentiation as it stands 
is only a question of advance of knowledge, both with regard 
to apparatus and fundamental theories and manupulation 
thereof. Thus we see in all the countries to start with, they 
had only a few elements, viz. earth, water, fire, wind and 
sometimes the sky. But as the information about things around 
went on increasing the number of elements also increased, and 
for the present as already said we have about eighty on the 
list. 


So far as we can judge the quantities of the various ele- 
ments occurring in nature are very unequal. It is found that 
20 of the elements are found to constitute 99.5 per cent of the 
earth’s crust so far reached, and the other 60 together make up , 
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the remaining 0.5 per cent. Some of the elements are of such 
rare occuirence that only a few grams have been isolated. 




average quantities. 

Oxygen 

... 

• •• 

49.78 

% 

Silicon 

... 


26.08 

II 

Aluminium ... 

... 


7-34 

99 

Iron 


«*• 

4.1 1 

II 

Calcium 



3-19 

II 

Magnesium ... 



2.24 

II 

Sodium 

... 

•a. 

2-33 

II 

Potassium ... 



2 28 

II 

Hydrogen ... 


■ •a 

0.95 

II 

Carbon 


••• 

0.19 

If 

Chlorine 

• •• 

• mm 

O 21 

II 


and so on. 


Coming to complex bodies we find that some of them are 
made in such a way that the constituents cannot be separated 
by simple and easy means. Still further when the constituents 
are examined it is found that the properties of the constituents 
and the original body have no agreement whatsoever. Nay, as a 
rule they are absolutely different. Take for instance the above 
quoted case of water 01 red oxide of mercury. We know that 
oxygen is a gas and also colourless, and mercury is a liquid 
and silvery white in colour while the original substance was 
not only solid but Ted in colour. Similar is the case with 
water. This is a liquid body often used to quench fire and 
people diving in it suffer from suffocation, but the two gases 
got from it show different properties from their parent 
substance. Hydrogen burns and oxygen supports respiration. 

When compact combinations of the above types are there, 
then these are called compounds. 

These compact combinations follow certain fixed rules and 
as the result of this, it Is noticed that the nature of the 
compound is of a very uniform character r. e. homogeneous 
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(every smallest portion is identical !n composition with every 
other portion ) ; and during formation the constituents combire 
in a fixed proportion and the excess of one or the other is left 
out, and during combination either heat is given out or taken 
in. Thus 


l A compound is a homogeneous body composed of atleast 
wo different materials ; the components of which combine in a 
fixed ratio, and the combination is followed by a change in 
properties and chemical ( thermal ) energy. 


A compound is made up of two or more elements ( even 
two or more compounds ) of different kinds and hence their 
number is practically infinite. 

*/ When the combinations are not quite compact like the 
above mentioned sand or graphite pieces, then these types of 
formations are called mixtures. 

As the combination in a mixture is of a loose kind the 
different components need not and are not in any fixed 
proportions, and secondly as their combination is of simple 
association and not actual > blending, the constituents still 
maintain their own self, and as such the result is that the 
properties of a mixture are the properties that can result from 
the algebraic sum of these properties. Thus : 

\yy. mixture is a heterogeneous body the composition of 
which can be varied at will and the mixing up of the compo- 
neuts doeB neither result in any thermal change nor change 
of properties ' “ 

A compound is formed as a result of a reaction by whiah 
two bodies either elementary or compound unite by addition 
of their masses so as to form a new body. 

The products of the chemical combinations contain less 
energy than the materials from which they axe formed, the dif- 
ference being disposed off in the form of heat 
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A compound is to bo distinguished from a mechanical 
mixture. 


Chemical compound. 

i. In a' compound formed of 
several bodies, every single 
body individually loses the 
whole or part of its pro- 
perties. 


2. The compound itself pos- 
‘ sosses new properties dif- 
ferent from those of the 
component bodies. 

3. Bodies can never be com- 
pounded or combined in 
all, but always in definite 
proportions nor is the 
number of the component 
bodies unlimited. 

4. The bodies fanning a 
compound are never me- 
chanically separable. 

5. Compounds are homoge- 
neous bodies. 

ft Production of a compound 
results in change of ther- 
mal energy. 


Mechanical mixture 

1. In a mixture of several bo- 
dies every single one of 
the bodies individually pre- 
serves its properties, which 
are always to be recogni- 
sed in the mixture though 
in some way kept down 
by those of the other bo- 
dies of the mixture. 

2. The mixture itself does 
not possess new properties 
different from those of the 
mixed bodies. 

3 Bodies can often be mix- 
ed in all proportions and 
m an unlimited number 


4 The bodies forming a mix- 
ture are mechanically se- 
parable. 

5. Mixtures are heterogene- 
ous bodies. 

6. No change in heat when 
mixture is formed. 


Having classified the variety of forms which matter as- 
sumes, into three groups namely elements, compounds and 
mixtures, still we are confronted with certain substances which 
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cannot be definitely classed into one or the other. In many 
cases the two .types, compounds and mixtures, approach so 
nearly each other that it is almost impossible to distinguish 
between them. Take for example alcohol and water. These 
can be mixed in all proportions, and they form a homogeneous 
bod}'. Again when copper and zinc are melted together they 
form the yellow metal brass, which in properties is quite dif- 
ferent from either, yet has no fixed percentage composition. 
A perfectly definite compound like water may be regarded 
as standing at one end of a series, with an undoubted mixture N 
like granite at the other. There is every gradation between 
these two extremes, and in the middle of the series the one 
type changes by almost imperceptible stages into the other. 
In the majority of the cases, the distinction is easily made and 
affords a useful basis of classification. 

Intermediate between compounds and mixtures, as already 
seen, there is a class of bodies which are classified as solutions, 
the most familiar types of which are solutions ofsolidsin 
liquids. 

They differ most noticeably from mixtures, in that they 
are perfectly of even character throughout, which fact is usually 
expressed by saying that they are homogeneous. 

They differ from definite chemical compounds in that 
their compositions can be varied within wide limits, and that 
too gradually. Therefore : 

v "A solution is a body of homogeneous character whose 
composition can be varied continuously between certain wide 
limits *’ 


So far we have only considered the possibility of dividing 
matter into simple substances. At this stage naturally a 
question arises as to whether the divisions and subdivisions go 
so far and no further or they can still be continued further 
down. This idea of continuous divisions is not a new one but 
on the contrary a very old one. More than two thousand 

i _ 5 

i ^ 
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years ago both tho Hindu and Greek philosophers or better 
sages had propounded the atomic theory of the consitution of 
matter. The argument was this that suppose we imagine, that 
wo can go on dividing and subdividing matter, and cany on 
the process till we come to infinitesimal fractions thereof, where 
are we slop ? And stop we must because we must reach a 
limit of smallness (in size) of matter which can not be any 
more split up into parts. There must be a limit beyond which 
we cannot go. The ancient philosophers were thus led to 
suppose that matter must be made up of ultimate indivisible 
particles i. e. atoms (a=not ; temno=to cut). Take for in- 
stance the gas, oxygen. If we start with say r,ooo c. c of it we 
may divide it into two parts i. c. 500 c. c each. This further 
into two paTts 250 c c. each and so on Ultimately we will 
be confronted with tKb state of division where we reach our 
limits, In this case what we have seen is that the different 
parts are made up of the same material oxygen, and no other 
thing but oxygen is got in this subdivision 

These philosophical high soring imaginations of course lead 
us to a final limit 1. c. to atoms, but now comes the difficulty ’ 
of putting these imaginary conceptions into practical tests and 
to see whether such a state of things really exists and atoms 
have an existence for themselves. While verifying these ideas 
it is found that though atoms may be existing -and they are 
existing- still these atoms have no independent existence for 
themselves singly and alone 1 c one atom of an element can- 
not exist by itself. It must either combine with one or more 
atoms of the same element or other elements, for having an 
independent and separate existence. These combinations of 
different atoms -of the same element or of different elements- 
are call ed on account of their very nature, of being collections 
ormasses of atoms, molecules (molecules a diminutive of Moles => 
mass). Thus we can see that we can imagine freely existing 
particles t. e. molecules, both in an element or in a compound, 
but with regard to atoms as these are ultimate indivisible parti- 
cles, we can not imagine of getting these particles while 
keeping the nature of the compound intact. If we have to 
reach the ultiriiate indivisible state we must perforce break the 
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compound, as by its very nature it is made up of atleast two 
elements From the above explanations we can now define : 
y/ An atom is the smallest particle of matter which can take 
part in a chemical change ; 

. or 

Atoms aie the smallest supposed indivisible particles of an 
element, which are incapable of separate existence ; ' 

or 

\ 

The unit quantity for chemical combination of each 
element, and further 

V A molecule is the smallest particle of matter capable of 
independent existence ; 

or 

%/ The smallest group of atoms of any substance whether an 
element or a compound which is believed as capable of a 
separate existence is called a molecule 

or 

Molecule is the smallest unit either of a compound or of 
an element, which taken in large aggregations, makes up the 
bodies we deal with and into which substances can be divided 
without chemical decomposition. 

or 

The smallest weight of matter in which the original pro- 
perties of matter are retained In the strictest sense 

matter is not continuous . 

The atoms of any element or the molecules of any parti- 
cular substance are alike in nature, structure and mass. 

Atoms are by no means solid masses but far from it E ac h 
atom is probably composed of thousands of tiny specks of 
negatively electrified bodies which fly about in astron omical 
orbits. , , 

The mass of a body is explained by the electronic theory 
of matter as an effect of electricity in motion. If it is so, it 
can be shown that the mass of a body must increase with the 
velocity. Actual experiment by Kaufinann showed that this 
is the case. 
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Thcsev particles of -which molecules ?re composed are 
termed atoms and the force which holds them together is 
called ch.enu.cal affinity or chemical attraction. The chemi- 
cal forces exceed that of the gravitational forces which the 
bodies exert. The chemical forces are selective while the 
gravitational are not selective. ‘The atoms in fact are dread- 
ful snobs and are most particular with whom they associate ” 

The Atomatic Theory. 

"Dalton -1808- took as his basis the old atomic theory, 
but added something more to it He took for granted that an 
element is made up ol ultimately indivisible particles or atoms, 
and at the same time assigned to each atom of an element a 
fixed and invariable weight. He also assumed that when a 
compound is formed of two or more elements, it is by the 
juxtaposition of the individual atoms of these elemets. From 
this the fully developed theory is as follows- — 

All substances, whether elements or compounds, consist 
of small particles, indivisible or atleast not capable of division 
by any means which we have at our disposal These particles 
are named atoms. All the atoms composing any one element 
are precisely -similar and have the same weight but differ ton 
recognisable degree from the atoms of all other elements 
Chemical combination of two elements -consistsTn the union 
of a small fixed number of atoms of one element with a small 
fixed number of atoms of the other to form each and every 
part of the compound. The resulting body differs from its 
constituents as a general rule, and is this, as well as in the fact 
that combination takes place in definite proportions, chemical 
combination differs from mechanical attraction -m ixture -. 

When two elements form more than one compound, the 
compounds as has been remarked, contain different numbers 
of atoms of the constituent elements m Thus we may have 
A+B; A+aB; aA-j-B; 2A+3B; etc 

All the atoms of a given element are alike in regard to 
their weight and other properties, but the atoms of any one 



H.] CONSTITUTION OF MATTER. 21 

element differ from those of every other element. Thus all 
atoms of hydrogen are supposed to be of equal weight, and 
in other way similar, and so are all the atoms of oxygen ; but 
hydrogen atoms are supposed to differ more or less from 
oxygen atoms in all respects, except that both possess the 
fundamental property of indestructibility. 

If we compare the atomic theory with the laws of 
combination we see that they are concordant. For example, 
matter made up of a finite number of indestructible and 
uncreatable particles would as a whole be indestructible and 
uncreatable. Again if the atomic theory be true, chemical 
combination could only take place in accordance with the 
laws of Constants and Multiples. Let us suppose for example, 
that atoms of oxygen are sixteen times as heavy as atoms of 
hydrogen Then since combination can only take place, 
between definite numbers of atoms, and since these atoms have 
fixed weights, water cannot exhibit any slight variations in its 
composition. A given particle of water might contain two 
atoms of hydrogen weighing 2, with one atom of oxygen 
weighing x 6, or x part of hydrogen to every 8 parts of oxygen, 
but since fractions of atoms cannot exit, it could not contain 
slightly different proportions, such as 8’2 parts of oxygen to 
1 of hydrogen. ' It is conceivalble, of course, that one particle 
of water might consist of x6 parts of oxygen with 2 of 
hyorogen, and another of 16 parts of the former for 1 of the 
latter, for one atom of oxygen 16, might combine with one of 
hydrogen ; but we find such differences of property like those 
we have met with in the case of the oxides of hydrogen: 
water and hydrogen peroxide. 

Thus to summarize : — 

1. Matter -is composed of minute particles incapable of 

further division called atoms. 

2. Atoms of one element are alike in weight and of 
"" different elements are different in weight. 

3 A compound is formed by the union of atoms of 
different elements. 
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4 A particular compound fs formed by the union of 
atoms of tbe same elements in the same proportions. 

5. The combining weights of elements are the combining 
weights of atoms.' 

If we compare the atomic theory with the laws of combi- 
nation we see that they are concordant. 

Clause (1) explains the indestrustibility of matter and 
hence the conservation of mass. 

l 

Clause (2) explains the difference in properties exhibited 
by different elements. 

The differeneB in properties is due to difference in weights. 
(According to Atomists before Dalton, the difference in proper- 
ties was attributed to difference in form and size ) 

Clause ( 3) explains the difference between elements and 
compounds. 

Clauses (1) and (3) account for the law of multiple pro- 
portions. For example suppose there are two elements A and 
B, then 1 atom of A can only unite with 1 atom of B or 2 or 3 
atoms of B. It cannot unite with a fractional part of the atom 
of B, for then the atom would be destructible in contradiction to 
clause (t). If such be the case the various masses of B which 
unite with a fixed mass of A, bear a simple ratio which is the 
law of multiple proportions. 

Clause (4) accounts for the law of difimte proportions. 

Clause (5) accounts for the law of combining weights. 

Do chemists really believe that the atomic theory is true * 

The answer is that they do not know. 

The important question about this, and ail similar theories, 
is not — 

Do they give us true and complete picture of the subjects 

they deal with, but .'...Has each a sufficient element of 

truth in it to be useful t 
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A theory like the atomic theory is or ought to be, a kind 
of tool, something to be used as long as we can do good with 
its aid, but which must be discarded when it ceases to be 
efficient for its purpose. So long as a theory is fruitful in 
promoting discovery, and so long as it helps us to grasp the 
subject to which it relates, it may be retained and used, but we 
must be ever on the watch to improve it, and ready to set 
someching better in its place at the first opportunity. 

Although the theory accounts for the laws of chemical 
combinations there are certain defects in Dalton's Atomic 
Theory. Although matter has concrete existence, its con- 
stituent particle, atom, has hypothetical existence The idea 
of atom is the outcome of pure imagination; secondly the theory 
lacks a standard for fixing the atomic weights and lastly although 
the theory states that atom is indestructible, the experimental 
evidence is contradictary. The passage of electricity through 
ranfied gases shows that atom is destructible and is composed 
of negatively charged particles aggregated together. 

The last is the serious objection to the theory. _ In spite 
of this the theory is retained because it serves useful purpose 
and facilitates our work in the study of other branches of 
chemistry. 

1. It explains the laws of chemical combination. 

2. In organic chemistry the idea of an atom is indespensi-- 

ble. The organic compounds are classified according 
to their structural formula and gre.>t confusion will 
be introduced by discarding the idea of an atom 
and hence the atomic theory. 

3. Lastly in conjunation with kinetic theory of gases it 

explains other phenomena. 

The justification for the position given to the atomic 
theory' by chemists is this, that it has done splendid service 
in the past, and seems likely to be useful in tbe future. It 
should be added that since the atomic theory was first 
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expounded by Dalton in 1808, it has undergone some modi- 
fications and expansions, and that further changes are not 

likely to become necessary as our knowledge progresses. 

0 

“ Like any good theory, the atomic theoiy is useful chiefly 
in affording a concrete image of tbe mechanics of the topic it 
covers — in this case chemical action and in suggesting 
profitable investigation. It does not make a great deal 
of difference whether or not such things as atoms Actually 
exist, and nothing short of seeing them will ever conclusively 
settle the question. The main question is: Does the mechanical 
conceptions correspond to all known facts ? If not what are 
the exceptions, sc that we may keep them in mind and not be 
misled by the theory ? It may be said that the theory has 
been found to be m remarkable accord with all we know,.abont 
matter, that it has been the incentive to a vast amoqnt of 
profitable work, and that the number of facts not in aqcord 
with the theory is not large. When properly regarded it is a 
very helpful conception.” 

Hence therefore if the question is asked — why do we 
not discard the theoiy in view of its defects ? The answer 
is this that the atomic theory is a good servant whose services 
cannot be dispensed with without causing inconvenience. £/ 



CHAPTER. III. 


. Conditions for a Chemical Reaction. 

Before we enter into the conditions we must arrive at the 
meaning of the term reaction. » 

Reaction : Action owing to which bodies modify their 
constitution, so as to cease being what they were, 
and gives rise to the formation of one or more new 
substances. 

■All reactions are controlled chiefly by the following : (r) 
Affinity, (2) Suitable state, and (3) Temperature. 

I- Chemical affinity : There must exist what is called 
chemical affinity between the substances which are 
to or to be combined. 

Chemical affinity is that selective peculiar force (like 
gravity ) by means of which certain elements, or groups of 
elements with dissimilar properties attach themselves to one 
another, to form new substances. 

This word affinity is quite different from the ordinary 
word. There it means attraction due to similarity of proper- 
ties, or ideas, or relations or connections. Here it exists between 
substances which are of different nature and increases with 
1 increase of dissimilarity : e. g. Oxygen and hydrogen combine, 
but chlorine and hydrogen do so more easily because of the 
disagreement in the properties, while fluorine and oxygen do 
not combine at all, 

"Chemical affinity, tp put TnnrBJn.a-mBt P ^r, 1 -;^ n ] wa y, 
would mean 'Love* iUffi£ftJ»Jfee^dpsffiefOT marriage^ 

Affinity may be defined also as "the atomic force which 
tends to bring atoms together to form molecules". 

4 
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Its nature is unknown. 

n. Suitable state: In order that substances may , 
combine they must be in a condition so that the 
affinity can act, and for that chiefly two conditions 
are essential : (i) Close contact, and (a) Suitable 
state. 

( <c } dose contact : Substances if the}' are to react 
must be sufficiently near one another. 

If the substances though in touch are in large pieces they 
would not react, becausd the surface pf contact would not be 
sufficient for the rapid chemical combination, e. g. Sulphur, 
coal and nitre, if in large lumps or pieces, would not form 
gunpowder. 

Similarly sugar and chlorate of potash merely put together 
would not start any reaction. The sugar would not bum 
because the oxygen is apart from it, and is in combination 
with potassium chloride. But if a drop of sulphuric add is 
put on the mixture, oxygen gets developed and is now suf- 
ficiently close to combine. 

(0) Suitable state : It doos not always suffice to 
have the substances In close touch or contact with one another. 
There are some substances that do not combine unless and 
otherwise they are in a particular physical condition This 
is more or less a modification of the ( of ) case. 

Powdered soda-bicarbonate and powdered tartaric acid 
will not at all react even if they are thoroughly mixed together 
In a mortar. But if one or both are in a dissolved condition , 
then they interact immediately and a lively effervescence 
comes out, 

TTT - Temperature: A certain temperature is always 
necessary for each and evr y reaction otherwise called 
‘temperature of reaction’ just as the ignition 
point for substances to start burning. Now there 
are certain reactions which unlike many common 
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reactions absorb heat or are endothermic, and when 
such a reaction is taking place the heat being 
absorbed, the temperature falls down and the 
reaction is brought to a stand still. So two points 
must be observed (r) a particular (height) tempo- 
lature and further more (2) continuation of that 
temperature. 

( -c ) A certain temperature is necessary. 

When a chemical combination takes place a certain 
temperature is necessary for it. This temperature varies with 
the difference in the nature of the substances combining. If 
the necessary pitch in toe temperature is not reached then 
the combination does not take place, and the elements remain 
unattacked, e. g. Nitrogen and oxygen do not combine under 
ordinary conditions but if the temperature is raised then they 
combine. 

(g) The temperature must be maintained throughout. 

As already said there are some reactions that are 
endothermic, find in such cases the temperature 1. e. heat is 
absorbed and then the temperature falls down. If the tempera- 
ture falls below the combination -reaction- point, than 
the reaction comes to a standstill Therefore to such reactions 
external hegt is essential. 

Burning of the ordinary substances continues, because 
the temperature is steadily kept up by the heat liberated from 
the combinations -as these are exothermic- but like oxygen 
and nitrogen if heat is absorbed then they do not combine. 

The rest of the very many conditions mentioned, catalytic 
agents, pressure, electricity, friction, etc. can easily be classed 
under one or the other of the chief three factors. 



CHAPTER IV. 



Types of Reactions. 

After having considered the conditions that are essential 
for a chemical reaction to take place, the next step naturally 
is the consideration ,of the various possibilities r. e. types of 
reactions We have already seen that when reaction is taking 
place there is bound to be some change in the heat quantity 
of the reacting substances and in the products of the reaction. 
According to this increase or decrease of heat quantity, the 
reactions have been classified as 'Exothermic' or 'Endothermic'. 

I 

Apart from the consideration of heat, there are points 
according to which the reactions may be classified, and these 
are with reference to the behaviour of the substances with 
reganl to themselves. These are : (i) Combination or Direct 
union, (a) Decomposition, (3) Substitution .or Single decomposi- 
tion, (4) Double decomposition, (5) Dissociation, (6) Allotropy 
(7) Polymerism, and-(8) Isomerism. 

1. Combination or Direot union : Reaction by 
which two bodies A and B, elementary or compound, 
unite (by addition of their masses) so as to form a 
new body -compound— AB is called combination. 



A 

+ 

B 

= AB 


( before the reaction ) 
mixture. 

{ after the reaction ) 
compound* 

i 

Hydrogen 

+ 

Oxygen 

= Water. 1 


2H2 

+ 

O2 

= 2H2O. 

11 

Barium oxide 

+ 

Oxygen 

= Banum dioxide. 


zBaO 

+ 

O2 

= sBa O2 

ill 

Burnt lime 

+ 

Carbon dioxide 

ss Lime stone. 

CaO 

+ 

CO2 ‘ 

= Ca CO3. 
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2. Decomposition: This is an inverse reaction by 


which a compound body splits up into its consti- 
tuents which may be elements or compounds. 

AB 

A 

+ B 

1 Oxide of mercury *= 

Mercury 

+ Oxygen. 

2HgO 

aHg 

+ O2. 

ii Chlorate of potash =» 

Chloride of potash + Oxygen. 

2KCIO3 

2KCI 

+ 3O2. 

iii Limestone = Burnt lime + 

Carbon dioxide. 

CaC03 = CaO 

+ 

CO2. 


3 * Substitution: This is a reaction by which a body 
takes the place of another in a compound. 

AB + C = AC + B 


It is a case of decomposition of the primitive 
compound followed by combination. 

AB . A + B 
A + C = AC. 

1 Zinc+ Hydrochloric acid = Chloride of zinc+ Hydrogen. 

Zn +2H Cl •«= ZnCIa + Hz. 

n Zinc + Sulphuric acid = Sulphate of zinc + Hydrogen. 

Zn + H2SO4 = ZnS04 + H2. 

4. Double decomposition: This is a case as the 
preceding one, but here both the components 
exchange their constituents and give rise to quite 
new products instead; te. it is a reaction by 
which two bodies AB and CD consisting of two 
elements, or of two atomic groups behaving like 
single atoms— radicals— ( capable of entering In a 
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reaction ) exchange their components, leading to 
the formation of two new bodies AC and BD. 

AB + CD = AC + BD 

I 1 

It consists of two decompositions 
AB — * A + B 

CD * C + D 

followed by two combinations . 

A + C = AC 
B + D = BD 

• r 

Double decomposition is the most common of the 
reactions. Combination is strictly speaking a double 
molecular decomposition. 

HH + Cl Q =. HC 1 + HC 1 . 


i Barium peroxide -f Sulphuric acid = Hydrogen peroxide 

+ Sulphate of barium. 

BaOa + H2SO4 = BaSC>4 +H2O2. 

11 Silver nitrate + Sod mm chlorides Silver chloride 

4- Sodium nitrate. 

AgNC>3 + NaCl = AgCl + NaN03« 

5 Dissociation : It is a reaction by which a body 
splits up into components capable of reuniting in 
the present conditions. It is therefore limited to 
the inverse reaction ( reversible or balanced 
leaction ). When a chemical compound splits up 
into simpler substances by change of physical 
conditions — temperature, pressure or dilution — and 
the products of the decomposition are capable of 
recombining to form the original compound, on 
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resumption of the original conditions, then the 
process of such decomposition is called dissociation. 
It is of two kinds ( i ) Thermal and ( a ) Elec- 
trolytic. 

heat 

i Ammonium chloride :~t Ammonia + Hydrochloric add 

gas. 

heat 

NH 4 C 1 NH 3 + HCL 

.. . Solution 

n Silver nitrate <_ . * Silver ion + nitrate ion. 
Soluuon 

AgN 0 3 iz=* Ag + NO3'. 


6 Allotropy • It is a reaction characterized by a very 
important and permanent modification of the 
properties of a simple body, the substance being 
unaltered. This stands on the limit common to 
physical and chemical phenomena. 


i 

ii 


Oxygen -*• Ozone. 

3 Oz » 2O3. 

Carbon > • Diamond. 

Graphite • > Diamond. 

Diamond Graphite > Carbon. 


7 - Polymerisation : This is very similar to the above 
allotropy with this difference that this refers to 
non-simple, 1, e. compound-bodies, while al- 
lotropy is with reference to simple or elementary 
bodies. 


i Nitrogen peroxide Nitrogen tetroxide, 

aNOz » N2O4. 

ii Aldehyde * Paraldehyde 

2CH3.CHO *. (CH 3 .CHO)2. 
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S Isomerism . This is a kind of reaction also cha- 
racterized by a very important and permanent 
modification of a compound body vt hose centesi- 
mal composition remains unaltered. This is dif- 
ferent from the latter -polymerisation- in this that, 
inpolimerism the weigh L of the . body -molecule- 
changes,' while hero it is constant. 


Isomerism is a phenomenon of molecular condensation 
and decomposition 

Pentane Isopentane 

HHHHH HHHH 

h— c— c— c — i-i-H * h— i-i— i— i-H 


A- A A A- A 


Ail A 

H — C— H 

A 


c 5 hi2. 



C5H12 



CHAPTER. V. 

o : 

The Laws of Chemical Com bination . 


Having considered the composition of substances and 
their nature we may now go a step further. What generalizations 
have been reached with regard to the characteristics of a 
chemical reaction ? What theoretical ideas have been develo- 
ped as to the mechanism of these actions? These are the 
questions which naturally as a matter of consequence suggest 
themselves to us. Let us consider these now. 

We have already seen (chapter III ) that there are some 
special conditions necessary for a chemical reaction, and these 
chemical reactions are of different types. Not only this but 
in addition we have also noticed that reactions are either 
’exothermic’ or ‘endothermic 1 . All these are chiefly with 
regard to the qualitative side of them but when chemical 
changes (reactions) were carefully examined from a quantita- 
tive point of view, four laws were discovered in obedience to 
which chemical actions take place. These laws are styled 
as ‘The laws of chemical combination’ and are (r) The 
Laws of Conservation of Mass (2) The Law of Constant 
Proportions, (3) The Law of Multiple Proportions (4) The 
Law ResipTocal Proportions. 

I The law of conservation of mass or of weights. 

The Weight of a compound is equal to the sum of the 
weights of the .different elements forming that compound ” 
( Lavoisier ). 

In the^ earlier stages of the development of chemistry 
little or no importance was attached to the relations by weight 
between different reacting substances, and thus in the 
beginning it was believed that the total weight remained 
5 
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constant and tho difference in the result was due to the escape 
of ' boat,' ' light ' and ' phlogiston/ all of which were 
considered ns materials. 

Phlogiston theory of combustion. 

* Of all the conceptions which have been held at different times, that 
which is known as * The Phlogiston Theory • had by far the greatest 
influence upon the development of chemistry. This theory was advanced 
by llecher ( 1935 — 1682 ) and was greatly extended and developed by 
the distinguished German professor Stahl (1660 — 1734) According 
to this thcqry every combustible substance contains more or less of a 
material or * principle,' called phlogiston, [phlego^to bum] the escape 
of which constitutes combustion. The ash remaining, presents the 
original substance minus phlogiston Substances which leave no ash are 
almost pure phlogiston 

TVben it is remembered that, at that time gases were hltle understood, 
oxygen unknown, and heat and light regarded as material substances 
given off during combustion, and that in this process something evidently 
did escape ( namely the gaseous oxides ), it Will be seen that the theory 
■was a reasonable one It was known that matenals increased in weight 
dunng combustion, but little importance was attached at that time to 
weight relations, and some adherents of that theory even assumed that 
phlogiston had negative weight 1 e. weighed less than nothing. It was 
also difficult to explain why combustion requeed the presence of air 
This theory was almost universally held for a hundred years, and was 
given up only after oxygen had been discovered and Lavoisier had 
demonstrated the true nature of combustion.’’ 

The " Law of Conservation of Mass " states that the total 
(weight) mass of the substance taking part in a chemical change 
remains constant (before and after the change). This law is 
the outcome of the experimental fact that in spite of the most 
painstaking care every time all the substances taking part in a 
chemical reaction are weighed before and after the change, 
there is no sign of any alteration in the quantity of matter. 
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This law is sometimes called the law of Industractibility of 
Matter If A and B represent separately the weights of two 
substances which take part in a chemical reaction, and produce 
the weights M and N of two other substances then according 
to this law of conservation of mass : 

A + B = M + N. 

The question as to whether there is any change in the 
weights in a chemical reaction, has been 
investigated by Landoll and Heysweiller. 
A silver nitrate solution is introduced 
into one limb of Y shaped tube B Fig. I. by 
means of a funnel A, and the solution of 
potassium dichromate into the other limb 

The limb is then weighed and tilted so as to mix the solu- 
tions and start the reaction. No difference in the weight of 
the tube is noticed, before and after the reaction. After an 
examination of fifteen different reactions Landolt failed to 
‘detect any variation in the weight and this proves the validity 
of the law of conservation of mass. 

n. The Law of Constant Proportion or Definite 
Composition. 

‘ The same compound always contains the same elements 
combined together in the same proportion by weight ” (. Proust) 

or 

" The weights of the constituent elements of every com- 
pound hoar an unalterable ratio to each other, and to the 
weight of the compound formed.” 

or 

The same body has always the same compositiob 

Stas prepared silver chloride from metallic silver in a 
variety of ways and at different temperatures and obtained 
the following results : — 
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Weight ofsilvor. 

Weight of silver chloride. 

1. 91*46 


grms. 

121*49 

grms. 

2. 69*86 


M 

* 92*81 

«i 

3* *01*51 


n 

134*86 

11 

4. 108*54 


11 

144*20 

11 

5 * 399 ' 6 S 


ir 

530*92 

IV 

6. 99'99 


it 

132*82 

II 

7. 98-3* 


» 

130*60 

II 

From the 

above numbers 

if wo calculate 

tho weight of 

chlorine over a fixed weight of silver in the silver 

chloride we 

got the following results : — 



I. 

1 

Silver 

: 0*3284 

chlorine. 

II. 

1 

11 

: 0.3284 

if 

III. 

1 

11 

: 0*3284 

11 

IV. 

1 

11 

0*3284 

n 

V. 

1 

11 

0*3285 

11 

VI. 

1 

11 

0*3284 

11 

VII. 

1 

n 

0-3284 

11 

From the above results it follows that the compound silver 
chloride is formed by the combination of silver and chlorine in 


the same propotions within the limits of experimental error. 
This holds good not only for silver ohloride but for all com- 
pounds and still further it is evident that whatever be the 
source of the reacting elements or compounds the substances 
formed by the union of the same elements (or compounds) 
have also the same ratio of combination. This experimental 
fact is called the "Law of Constant Proportion." 

Examples : 

(i) In an experiment 1-317 grras. of tin were treated with 
nitric acid, and the resulting product ignited to constant weight. 
The weight of the resulting stannic oxide was found to be 1-672 
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In a second experiment '1794 grms. of stannic oxide were 
reduced to metallic condition by heating with charcoal and the 
weight of the metal obtained was 1*414 § r,us * 

Show that the results of these experiments are, in agree- 
ment with the Law of Constant Proportions. 

(2) The composition of silver chloride (A.gCl) was deter- 
mined in two ways as follows 

(1) 0,956 grm. of silver is dissolved in nitric acid, and then 
precipitated as chloride by the addition of hydro- 
chloric acid I’HCl), The weight of silver chloride 
formed was 1*269 grms. 

(i>) 1758 gnus, of silver chloride was reduced to the 
metal by heating in a current of hydrogen. The 
weight of silver formed was 1*324 grms. 

Show that these numbers are in agreeraenfwith the Law of 
Definite Proportions. 

III. The Law of Multiple Proportions. 

•‘■When the same two elements combine together to form 
more than one compound, the definite weights of one of the 
elements which combine with a constant weight of the other 
hear a simple ratio to one another ” (Dalton) 

or 

" When one element unites with another in two or more* 
different proportions by weight these proportions are simple * 
multiples of a common factor.” 

Proust studied the composition of several pairs of com- 
pounds formed of the same two elements and put them in 
tabular forms as : — 


Hydrogen. 

Oxygen. 

Copper. 

Oxygen. 

I. n % 

89 % 

80 % 

20 .% 

H. 6 % 

94 % 

“887 % 

”•3 % 


Tin. Oxygen. 
78*4 % . ' 21*6 % 
87*0 % 13*0 % 
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Proust could gather nothing from these simple percentage 
compositions, but later on Dalton and others found out a stri- 
king relationship in these cases and showed that if the composi- 
tion is stated not in percentages but in weights of one element 
combined with a fixed weight of another then these weights 
fall, In the ratio of integer numbers :-viz : — 

If the above percentage ratios are recast with reference to 
a fixed weight of one of the combining weights then we have — 

Hydrogen. Oxygen, j Copper. Oxygen. Tin Oxygen. 

I. 2 : x j i : i r : 2 

II. i . i ! 2 . i i . r 

Similar facts led Dalton to enunciate the law of Multiple 
Proportions. When two elements A and B form more than 
one compound the weights of the element A, which combine 
with a fixed weight of the element B, stand in the ratio of 
small integers to each other. The most usual ratios are i . i 
i : 2, r : 3, 2 ■ 3, and 2 . 5. 


Examples. 


(i) In three experiments the following weights of Litharge 
(PbO), Lead dioxide (PbOa) and Red lead (Pb3C>4) -were 
respectively reduced in a current of hydrogen ; 2*173 grms 
r - 949 grms. and 2 316 grms. The weights of lead remaining 
were respectively 3*017 grnis. r*688 grms and a*io grms 


Show that these results illustrate the Law* of Multiple 


Propotions. 


(2) 2*461 grms of crystallized >*mc sulphate (ZnSC>4*7H20} 
were dried at roo°C. The loss in weight amounted to o 926 
grms. The temperature was then raised to dull redness, when 
there was a further loss in weight of 0 T54 grms and the an- 
hydrous salt remained. Show that these results are in accor- 
dance with the law of Multiple Proportions. 
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IV, The Law of Reciprocal Proportions or 
The Law of Equivalent Proportions or 
The Law of CombininspWeights. 

*< The weights of different elements which combine separate- 
ly with one and the same weight of another element, Are either 
the same as, or are simple multiples of, the weights of these 
different elements which combine with each other.” 

or 

“ The proportions in which two bodies A. and B combine 
with a third C is also the proportion in which they unite with 
all other bodies as well as with one another " [Richter and 
Wenzel) 

, or 

11 The relative proportions by weight in which thcelements 

A, B, C, D, combine with a constant weight of another 

element X, are the same for their combinations with any other 
element Z " 

A German chemist by name Richter was of a mathematical 
turn of mind, and was interested in studying the numerical 
relations between the weights of different combining substances. 
His studies were chiefly with substances that are known as 
acids and bases. But the very same relations exist with regard 
to elements too. 

If we take a number of elements, say A, B, C, D, £ etc. 
which have chemical affinity between themselves, and then 
select, say a certain weight of A, of these as the one with which 
each of B, C, D, etc. is made to combine, then it will be 
found that 

(r) The different weights of B, C, D, E, etc. are to be 
substituted for each other for the same weight of A. 

(2) The different weights that combine with a fixed 
weight of A, are equal to chemical strength 
(affinity). - 
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(3) If B, C, D, E, etc. want to combine amongst them- 

selves then also the above weights of each w3I be 
the weights that are necessary for the formation of 
the different compounds. 

(4) Thus these weights are (1) equal in value (2) can sub- 

stitute one another, and (3) are such as also will be , 
the weights for mutual combination and hence they 
are called (1) Equivalent weights, (2) Reciprocal 
weights or (3) Combining weights. 


To be more concrete let us take the results obtained by 
the chemical analysis of a number of oxygen compounds : — 


Water 

hydrogen 

iri8 % 

oxygen 8881 % 

Chlorine monoxide 

chlorine 

Si 58 % 

Jl 

% 

Mercuric oxide ... 

Mercury 

92S9 % 

II 

7 4i % 

Copper oxide 

copper 

79-90 % 

II 

20*10 % 

Silver oxide 

silver 

93'09 % 

U 

6 90 % 

The above results 

are so calculated that the 

sum of the 


constituents is 100, within the limits of experimental error. 
Taking oxygen as the standard, let us calculate what amount 
of each of the other elements will combine with a given quan- 
tity say 1 gram of the selected element. Collecting together 
the results of the calculations we get the following numbers 
which are combining with ovygen . 

Oxygen. Hydrogen. Chlorine. Mercury. Gopper. Silver, 
i. 0*126 4*43* I2’5 3 975 13 49<> 

Now all of these elements hydrogen, mercury, copper and 
silver combine with chlorine forming chlorides. The chlorides 
of these elements are found on analysis to have the following 
percentage composition : — 

per cent. ' * per cent. 


Hydrogen 

chloride 

Hydrogen 

2 76 

Chlorine 

97-23 

Mercuric 

If 

Mercury 

73*0 

11 

2620 

Cupric 

rr 

Copper 

47 ' 3 ° 

11 

52*70 

Silver 

» 

Silver 

75 26 

11 

2474 
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From the analysis of the chlorides, let us calculate the 
amount of the elements which will combine not with 1 gram 
but with 4*431 grams of chlorine, Collecting together the re- 
sults of the calculations we get : — 

Chlorine. Hydrogen, Mercury. Copper. Silver. 

4.431 0.126 12.5 3.975 13.496 

On examining the two sets of results that we have obtained, 
•we find that 4'43i grams of chlorine and 0.126 gram of 
hydrogen, which combine with 1 gram of oxygen, also combine 
with one another to form hydrogen chloride. * 



This similarity of results 

we find also in the case of 

1 

mercuric chloride, cupric 
chloride and silver chloride. 
Fig. 2 


This law of equivalent or reciprocal proportions is better 
illustrated by the following graphic scheme:-— 
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The four corners of the rectangle fig. 3. are occupied by 
the four elements, Hydrogen, Calcium, Sulphur and Oxygen. 
The numencals present the quantities that will combine with 
1 gram of hydrogen, and the arrows represent the different 
possible combinations. 

This shows that 20 giams of calcium and 3 giams of 
oxygen which combine w ith 1 gram of hydrogen also combine 
together to form calcium oxide ( CaO ). Other similar combi- 
nations can be seen to be substantiated by following Fig 4. 



This law i§ important and is so m this respect that, it 
facilitates our work of determining the proportions in which 
elements will combine to form compounds. It is only necessary 
to find once for all the combining weights 1. e. the weights of 
the various elements which will combine with a fixed weight 
of any one element selected as the standard. 

The choice of the Standard is arbitrary and making the 
selection we only look to our convenience. Dalton selected 
hydrogen as the standard, for it is the lightest of all the known 
elements, and adopted 1 as the equivalent weight for hydrogen 
On the other hand Berzelius selected oxygen as the standard 
and fixed 8 as the combining weight for oxygen, for formerly 
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it was believed that m water 8 parts by weight of oxygen are 
in combination with i part by weight of hydrogen. Of the two 
standards oxygen has the advantage over hydrogen in this that 
almost all the elements combine with it, to form well defined 
compounds, so that the combining weights of other elements , 
can be directly determined by the analysis of their oxygen 
compounds. However the use of either of these two elements 
made no difference as long as the ratio of the combining 
weights of hydrogen and of oxygen was considered to be i : 8. 
Recently Morley and others by the accurate analysis of water 
showed that the ratio is not i : 8 but is i 7*94. In other words 
if the combining weight of hydrogen be i, the combining 
weight for oxygen will be 7*94 and not 8. Since the combining 
weights of the majority of elements are determined by the 
analysis of their oxygen compounds on the assumption that the 
combining weight of oxygen is 8, every time a more accurate 
analysis of water is made, the combining weights must neces- 
sarily be recalculated, if hydrogen be retained as one of the 
standards. To avoid this difficulty hydrogen is not selected as 
the standard but oxygen is selected with 8 as its combining 
weight and the combining weight of hydrogen is calculated 
from the results of the analysis of water, which according to 

Morley is = i’008. 

'Besides this reason there is another advantage in selecting 
O ■= 8 as the standard. If the combining weight of oxygen is 
taken as 8 then its atomic weight becomes 16. When the 
atomic weight of oxygen is taken as 16, it is found that a large 
number of elements have atomic weights more closely approxi- 
mating to round numbers than in the case when the weight of 
hydrogen is taken as unity, so that, the chemical calculations 
are simplified. Thus with hydrogen = roo we have : — 

Boron. Carbon. Columbium. Gallium. Manganese. Mercury 
ro‘9 11*91 93*3 69*5 54*6 198*5 

whereas taking oxygen standard these figures become: 



ii CHEMICAL THEORY AND ARITHMETIC. [CHAP. 

Boron. Carbon. Oolumbium . Gallium. Manganese. Mercmy. 
ii 12 94 70 55 200 

Thus in chemical arithmetic rre in this way get rid of 
fractions, which simplifies calculations. 

Thus now fixing one standard " Oxygen = 8 ”, if nalc n fr . 
lions are made from the analysis of the oxides of the various 
elements that will combine with 8 grms. of oxygen -the 
standard- we get the following results . — 

Oxygen. Hydrogen. Chlorine. Mercury. Copper. Silver, etc. 
8 1*008 35*45 100 31*8 107*88 

These numbers are the different weights of various ele- 
ments that combine with 8 grams of oxygen our standard, 
hence these are called the * Combining weights * 

According to the law of reciprocal proportions " whenever 
elements combine to form compounds they will always combine 
in the ratio of their combining weights.” This deduction which 
is the direct outcome of the law of Reciprocal Proportions is 
known as the law of Combining Weights. 

The combining weights also represent the ratios in which 
elements displace each other (above graphic representations 
pages 41, 42, ) in the compounds Water H2O for example 
contains 6 parts by weight of oxygen to 1 part by weight of hy- 
drogen. But when oxygen is replaced by sulphur forming 
hydrogen sulphide H2S, the new compound is found to 
contain 16 parts by weight of sulphur. Thus 16 parts by weight 
of sulphur are equivalent to eight parts by weight of oxygen. 
For this reason the combining weights are often termed, 
equivalent weights Thus : — 

The nnwi bining weight or the equivalent weight of an 
cicmant. is that quantity of it which combines with or displaces 
8 parts by weight of oxygen or the quantity of any other ele- 
ment equivalent to 8 parts by weight of oxygen 

Different equivalents for the same elements. 

The equivalent weight of an element depends upon the 
particular compound employed In the determination. Thus if 
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for example we determine the equivalent weight of carbon from 
the composition of the monoxide (CO) we obtain the value as 6. 
But instead if the dioxide (CO2) were employed, the value for 
carbon would be 3. 

Equivalent weights of compounds 

The term equivalent weight can be extended to compounds. 
The equivalent weight of a compound refers only to the parti- 
cular reaction of the compound under consideration. If we are 
considering the neutralization of acids and bases, we may de- 
fine the equivalent weight of an acid as that weight of it which 
contains one part by weight of the replaceable hydrogen. The 
equivalent of a base is then that weight which can be neutra- 
lized by an equivalent weight of an acid. In the case of an 
oxidising agent the equivalent weight is that weight of it which 
can perform function, equivalent to the oxidation of one part by 
weight of hydrogen. 

The methods employed in the determination of equivalent 
weights aie • — 

fi) The replacement of hydrogen in acids by metals. 

(2) The replacement of a metal in a salt by another metal. 

(3) The oxidation of an element. 

(4) The reduction of oxides by hydrogen 

(5) The decomposition of salts by heat. 

(6) The neutralization of acids by atkalies or by car- 

bonates. 

(7) The electrolytic method based on Faraday's law. 

(8) The determination of gaseous densities and ratios of 

combination by volume of gases, 

Examples ; — 

(j) o'32i gram, of magnesium when heated in air yielded 
0*531 gnu. of the oxide of the metal. Find the equivalent 
weight of the metal. , s 



CHAPTER VI. 

— -ovB4<SC-&'* — 

Chemical Notation. 

All the chemical actions and reactions that are taking 
place need to be expressed \yhcn these reactions are being dis- 
cussed or described. If we adopt the system of full explana- 
tions in detail without adopting convenient abbreviations then 
the explanations not only become lengthy and often times too 
verbose, nay they even become so complicated as not to be 
grasped quickly and clearly. To avoid the above inconveni- 
ence and to facilitate both expression and explanation, abbre- 
viations and mathematical methods are introduced also into 
chemical language. Thus in short chemistry has its own 
language. 

Symbol The names of the different elements are repre- 
sented by ‘•symbols’ [sjTnboIlo^to infer] which consist of 
the initial letters of their Latin names, followed at times by a 
smaller letter to avoid confusion. 

Formerly the writing of the symbols was of a different 
kind. The symbols were adopted, not with reference to the 
name of the element, but with reference to the quality of the 
element and this led to confusion due to the same symbol 
standing at times for two or more elements. Thus Dalton 
imagined the atoms to be small spheres and represented the 
atoms of the different elements by various symbols enclosed 
in a ring or a circle 

' O © ®C®® 

O H N O s P etc. 

Atoms of metallic elements were represented by circles contain- 
ing the initial letters of their names, 
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OLD CHEMICAL SYMBOLS & FORMULAE. 


A air 

O' 

iron 

% 

platinum 

+* 

acid 

A fire 

© 

gold 

O 

silver 

a> 

nitre 

water 

* 

lead 

£ 

sulphur 

* 

acetic 

acid 

$ antimony 

V 

mercury 

% 

tin 


crystal 

qo arsenic 

% 

corrosive 

sublimate 

6 

zinc 

^= 5 % precipitate! 

U bismuth 
i ° 1 

* 

mercury 

precipitate 

5 

caustic 

lime 

qj2> 

punfied 

(J> copper 

8 

nickel 

* 

sal ammo- 
niac 


sublimed 


e,8 & 53 

CM cinnabar realgar salt caustic alkali 


Berzelius omitted the circles and retained the initials. To 
avoid further complications this a well formed system was 
adopted by which the initial letters are selected. This is now 
the universally adopted system of notation. 

As said already'if the initial letters are the same, then the 
initial letter together with the nevt following Is selected for the 
symbol; thus: Hydrogen and Helium are represented by ‘H' 
and 'He' respectively, • But sometime even this make-shift 
fails to avoid confusion because even the second letters are also 
identical. 

Thus: 

Chlorine has C and h. 

Chromium has C and h. 
or 

Carbon has C and a. 

Calbium has C and a. 


7 
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' Caesium has C and a. 

Cadmium has C and a. , 

When 'such conditions prevail the second common letter is 
dropped and the third letter in order is selected for symbol 
purposes. Thus: 

Calcium has Ca as the symbol. 

Caesium has Cs „ „ „ 

Cadmium has Cd „ „ „ 

Symbol "weight. A symbol does not rnerelj' stand foi 
the name of the element but it stands also for: 

(1) one atom of the element and 

(2) a definite weight of it, namely a weight proportional 

to its atomic weight. 

Thus H or O stands not only for one atom of hydrogen or 
that of oxygen but also stands for 1 gram the weight of an atom 
of hydrogen or 16 grams the weight of an atom of oxygen 
Such weights expressed in grams are called the symbol 
weights of the elements. * 

Formulas. Compounds being bodies of complex nature 
t. e , made up of more than one kind of atoms are represented 
by a 'complex symbol’ called “molecular formula” or 
simply " formula.” It is obtained by placing in juxtaposition 
the symbols of the atoms which make up the molecule. It 
represents an aggregate of atoms. 

Now when the composition of a compound is to be re- 
presented in terms of the mutual quantities that take part in 
forming the compound, then the first and the foremost thing 
that suggests to us is that we might disregard the symbol 
weight and the symbol used thus . Fe, 63 52 per cent , S, 
36*48 percent, (instead of the weights 56 - Fe and 32 « S ) 
But this is awkward. Instead of representing the composition 
in percentage composition, it is better to express it by stating 
the number of symbol-weights of eaoh element present in a 
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combining weight of the compound. Thus the symbols FeS 
represent a compound made up of one symbol weight of iron 
and'one of sulphur, namely 55*84 parts of iron to 32.07 parts of 
sulphur making a total of 87*91 parts of iron sulphide. 

To convert such weights into percentages, knowing that 
the latter are parts per hundred, we need only solve the pro- 
portions : 

87-91 : S5‘84 • 100 : X = 63*53 percent iron. 

87*91 . 32*07 : : roo : X = 36 48 percent sulphur. 


Symbols used in this way constitute the formula of a com- 
pound. 

To derive a formula from the percentage composition. 


Chemical analysis gives us the different percentages of the 
elements that are forming the compound, but this does not tell 
ns in any way as to the number of atoms of each element that 
are in the molecule under examination 1. e. it does not give us 
the integer number of atoms forming the compounds but only 
gives the total quantities of weights. This we know is not 
what actually is when combinations are taking place. We 
know that combinations take place with regard to full j, e. 
integer number of atoms and not fractions of atoms. Thus if 
we want to give expression to what is the actual method of 
combination we must arrive at the number of the different 
atoms in the molecule. 

Upon the percentage basis the molecular weight is regard- 
ed as brought over to the value 100. This number, however, 
gives in itself no clue to the probable molecular weight 
of the compound nor the number of the different atoms 
present in the molecule. The percentage amounts of the 
proportional parts of the total molecular weight always 
agree with the exact quantity of each element present in one 
molecular weight of the compound. Having adopted 100 as 
the molecular weight, each percentage amount becomes the 
accepted value for the formula-quantity of that particular 
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dement in the molecular weight (formula). If now we divide 
each of these percentage values by the atomic weight of the 
corresponding element, we obtain not whole numbers, indica- 
ting the number of atomic weights of the respective elements 
present, but fractions or better factors of these whole numbers, 
all of which are related to the true numbers in the same ratio 
as the adopted value i. e. roo is to the real molecular weight. 

Since we know that compounds are formed of whole 
number of atoms, a chemical formula necessarily calls for simple 
multiples of the atomic weights of the concerned elements. 
To get this we have only to raise the entire range of factors by 
some term which will bring each and every one of it into 
whole numbers. Thus when the smallest factor is made the 
divisor, then all the other factors, divided through by it must 
give quotients which are equal to or greater than the smallest 
factor taken as unify. 

This will give the number of atoms of each elements. In 
short the method for converting percentage weights into 
formula is . 

Percentage weights to be converted into the formula. 
Weights. 

(i) Take the different percentage weights and divide 
them by their individual atomic weights. 

(a) Divide the numbers t e. quotients, got from (r), by 
the smallest of them. 

. (3) The quotients that are got give the number of atoms 

of each element. 


Find the formula for potassium chlorate when the result 
of analysis is the following : — 

K=3i-9i?£; 01=38-93%; and Om^’ig%. 

(i) Atomic weights are B> 39 ’io > Cl=35 5 & O=i6*oo. 
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.*. by dividing tbe pescentage by the atomic 
weights we get 

o*8i6i : 0*159 : 2*447 • 

(it) Each divided by 0'8 1 59 the smallest number we get 
i ■ i : 3 - 

The formula is KCIO3. 

(2) Derive the formulae of the following substances Die 


composition of which is found to be 


(i) N =30*45 
0=69*57 


(S>*) 


(iv) 


100*00 

45*95 
N=r6*45 
O =37*60 
100 00 


(v) 


Fe= 70*01 
O =29*99 

100 00 

IC=28*73 
H= 073 
S= 23*52 
0=47*02 

100*00 


(in) 


(vi) 


Ca= 38*72 
P =20*00 
O =41*28 

100*00 

Mg= 9*16 
S= 16*01 
0=26*01 
water=5r*22 

100*00 
(iv) KNO2 ; 


[(') NO2 ; (n) Fe20 3 ; (iii) Ca3(P0 4 ) 2 
(v) KHSO4 ; (vi) MgS 0 4 . 7 H 2 0 .] 

{3) Derive the formula of the substance which on analysis 
gave the following composition : — 

C “ 85 * 45 % 

H= 14*64% ... (CH2) 

(4) Derive the formula of that compound of hydrogen 
and oxygen which gave by analysis 5*93 % hydrogen. A deter- 
mination of its molecular weight gave the value 33*8. 

... (H2O2) 

(5) Derive the formula of that oxide of nitrogen which 
gave by analysis 30*4 % nitrogen. In the solid state it was 
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found to hare a molecular weight of 92-4, whereas, the actual 
density of its vapour above T40°C was only 20*13. 

... (Solid N2O4 ; gas NO2.) 

6 ) Derive the formula of crystallized copper sulphate, 
7.8a grams of which lost 2.79 grams of water upon dehydration. 

... ( CUSO4. 5H2O ) 

7 ) Derive the formula of the crystallized salt which by 
analysis gave tbs following percentage composition 

Fe = 19.98 % 

S = 11.47 % 

H = 5.24 % 

O = 63.31 % 

100.00 

10 grams of this crystallized salt lost 4.5 grams of water 
upon dehydration. ... ( FeSC^BaO ) 

Calculation of the percentage composition of a 
given compound. 

The percentage composition can be determined by either 
synthetical or preferably chemical means. Thus it is found that: 

10 grams of magnesium combine with 6.88 grams of oxygen 
to form magnesium oxide MgO. 

This ratio will be found to bold for all quantities of Mg 
or MgO. 

Hence zoo grams are taken as the basis, the—— of too 
j. e. 60.3 wDl be the amount of Mg in rco grams of MgO. 

Similarly for oxygen 

Jsfof roo= 3 9 7 % 


hence 



VI.] 


CHEMICAL NOTATION'. 


55 


MgO . Mg : : ioo : X 

16.58 • 10 : too : X 

=60.5%. 

Hencethe percentage composition is 
Mg = 60.3 % ; O = 39.7 % 

Examples : 

(1) What weight of sodium ( Na ) is present in 50 grams of 

sodium nitrate ( NaN03 ) ? — ( I 3‘55 gnns. ) 

(2) What weight of oxygen is present in 50 grams of 

sodium bicarbonate ( NaHC 03 ) ? •••( 28.57 grins ) 

(3) What weight of mercuric oxide ( HgO ) will contain 30 

grains of oxygen ? , ...( 4°5 gnns. ) 

(4) What weight of sulphuric acid ( H2SO4 ) can be pre- 
pared from 100 grams of sulphur * ...( 306.25 gnns. ) 

(5) Calculate the percentage purity of a sample of horn 
silver ( AgCl ) which analysed for 74.2 per cent silver. 

...( 99.04 % ) 

(6) Calculate the percentage purity of a sample of marble 
( CaCOs ) which analysed for 39 6 per cent calcium. ...( 99 % ) 

(7) Determine the percentage amount of water in crystal- 
lized sodium carbonate Na2C03. 10H2O. . ...( 62.93 % ) 

(8) Calculate the percentage of potassium chloride in a 

sample of camallite ( KC1 MgClz.6H20 ) which* analysed for 
37.72 per cant chlorine. ' ...( 36.8 % ) 

(9) Determine the percentage composition of calcium car- 
bonate. ( Ca= 40.05 % ; C = 11.99 %; P = 47-96 %• ) 

(10) Determine the percentage composition of crystallized 
sodium sulphate Na2S04.ioH20. 

( Na = 14.28 %; S=9. 95 %’, 0=69.51%; H = 6.26%.) 
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N. B; — 

I. Special rules for writing down the chemical 

formula. 

(i) The electro negative element is written last. 

(ii) If one of the components is to be found m the 
compound in a proportion which is 2, 3, 4...... times 

as great as the proportional number, the fact is 
indicated by writing the number 2, 3, 4...... in small 

charactets o n the right of the symbol and a little 
below e. g. Ss, Sz, O3, O2. This number affects 
the symbol only and has the value of an 
algebraic co-efficient. 

(m) If the component which is found in the compound 
in several proportions, is itself of a compound 
nature (atomic group) it is to be placed between 
brackets and then treated as an ordinay 
symbol : 

Ba(N03)2 , 2Sr(N03)2. 

(iv) Some molecular compounds seem to be the result 
of the fixation of water by an already fully con- 
stituted body, then the two formulse that of the 
body, and that of water are written and separated 
by a comma, or by a full point or by the + sign, 
CuS 04,2H20 , BaCla.aHaO; BaCl2+aH20. 

II. To convert a formula from the system of 
equivalents to the atonuo system. 

(x) Alt elements have atomic weights equal to their 
equivalent weights, all the atomic weights are 
twice as great as the equivalent weights. 

Then shall the two fonxiulas be the same. 

(a) Some of the elements have atomic weights equal 
to and some other elements have atomic weights 
twice as great as their equivalent weights. 
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Then double the symbols in the formula 
written in the system of equivalents and substitute 
weights. (There are however other considera- 
tions which are always to be taken into account). 


HO * HzOa — — * HzO. 

H=r, 0=8; H=r, 0=8, H-i,0=i6. . 


Different Kinds of Formulas. 

After having considered the method of arriving at a 
chemical formula the next question naturally is : Is there only 
one kind of formula or are there different kinds of formulae? 
The answer is in the affirmative. The different kinds of for- 
mulae are • — 

(1) Empirical 

(2) Molecular. 

(3) Constitutional. 

(4) Rational. 

(5) Graphic. 

(1) Empirical Formulae. These show the kind of 
elements contained in the molecule (determined by experi- 
ments 1 e. analysis) and the relative number of atoms of each 
element m the molecule. 


They are experimentally determined and deduced from 
the percentage composition of the compound. 

Examples : 


(t) 


00 


Carbon = 93*3 %; Hydrogen 

c ; = 911 


7-69 % 


-769; 


h - rp . , ,. s ,. 


12 j 

the empirical formula is CH. 

Carbon 40 00 56 Hydrogen 6.60 % Oxygen 53 40 % 
C = 3.33 ; H = 6 6 and 0=3.3. 

CH2O is the formula. 
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In the same way we would find CHa, FeCl3, HCOa, HgCl, 
CuCIOj etc. 


2 ) Molecular Formulae. They show not only the kind 
and the relative number of atoms in the substance but also the 
true and absolute number of atoms in the molecule They do 
not simply express the composition of the substance, but also 
the composition of a molecule of a substance. 

C<) In the case of the elements they are obtained by the 
experimental determination of vapour densities and atomic 
weights : H2, P4, CI2, O2, O3, Hg, Cd and Zn. 

(j8) In the case of compunds they are calculated from the 
empirical formulae and the molecular weights. 

(a) The molecular weight of the substance CH 
in example (1) is found to be 26. 

C2H2 is the molecular formula. 


(b) If we suppose a substance whose empirical for- 

mula is CH2O has M Wt. = 30, then we find 
that it agrees with the molecular weight of 
Formaldehyde * 

■ CH2O is the formula of formaldehyde. 

(c) The molecular weight of glucose is found to be 

180 Then 


40x180 

Cm =6 , 

100 


H=i2 ; 0 = 6 . 


• C6H12O6 is the formula. 


In like manner C2H4, FesClfi, H2C2O4, HgzCia, and 
CU2CI2O6. may be fixed. ' ' 


( 3 ) Constitutional Formulae. They show the reac- 
tions which the substances undergo on treatment with 
reagents Thus H.CHO, H.C2H3O2, (C00H)2; Cu(Cl 0 3 )2 
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i Similarly more in detail : 

(1) NO2CI + Ii.OH = HC 1 + NO2.OH (1. e. HNO3). 

(2) SO2CI2+ 2H.OH = 2HCI+ S02.(0H}2 (i e. H2SO4). 

(3) PO.CI3 + 3H.OH= 3HCI+ PO.(OH)3 (i. e. H3PO4). 

(4) Rational Formulas These are ami ed at by comparing the 
, behaviour of the substance under consideration with other substances of 
. the same type Thus' — 

For stdphunc acid we write H2SO4 and not SH2O.1 and for 
calcium carbonate also Q1CO3 and not CCaOj. 

N.B A compound has but one empirical and one molecular for- 
’ mula but it may be represented by quite a number of rational 

formula:. 

I 

! ( ) A compound is found to have an empmcal formula 

MgHi4SOix • — 

( I ) Heated above 2oo'C, 7 molecules of water are given off 

/ The formula should be , t 

i Mg0 4 S 7H2O 

( II ) When heated to ioo*C only 6 molecules of water are given off 
as vapour 

• The formula should be Mg(>4S H2O 6H2O. 

! ( in ) The chemical reactions show the presence of the radical SO4. 

’ *. The formula should be MgS04 H2O 6H2O and this is 

the rational formula. 

f 

But suppose if we want to express the fact that this compound 13 
, denved' from sulphunc acid S02.(0H)2, then SO2.O2 Mg H2O 6H2O 

will be the formula 

'• or 

If we desire to show that a sulphate is the result of the action of SO3 
on the oxide of the metal (SO3 + H2O = H2SO4) then the formula is — 

' Mg0,S03 H2O 6H2O. 

(]8) Analysis shows that the formula for sulphunc acid ought to be 
F , SH2O4. But 
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( » ) If we treat sulphuric aud with PCI5 we get . — 

H2SO4 + PCI5 > HSO3CI + POCI3 + HQ and 

( n ) on heating the chlorosulphunc acid we get — 

2HSO3CI » H2SO4 + SO2CI2 

’ SOz(OH)a is the formula, 

and further confirmed by 

HSO3CI + H2O > H2SO4 + HC1 

SO2CI2 + HaO > H2SO4 + 2HCI 

PbOa + SO2 * Pb02 SO2 

But when zinc is acted upon by sulphuric acid then we get the 
following reaction — 

S0 2 (0H)2 + Zn ■= ZnOi SO2 + H2 >= ZnS04 4- H2. 

* H2SO4 is the formula 

Sulphuric acid is obtained by the action of sulphur tnonde on water 
hence 

* SO3 HaO is also the formula. 


{5) Graphic Formulae They show the manner m which the 
-valency of each atom in a molecule is supposed to be saturated 

( < ) Binary compounds The valency of each element is to be 
ascertained, by attention being paid to the nature of the 
compound (ous or ic). 

H— a or a— Cu— Cl or H— O— H or Cl— Cu— Cu— Cl 

<jB) Higher compounds. 

( 1 ) "Write the formula of the acid 

( II ) Put the hydroxyl radicals in evidence 

(III) Write the graphic formula of the hydroxides 

( iv) Replace the hydrogen atoms by metals or radicals, beanng 
m mind the valency of the latter 

Thus for calcium sulphate CaS04 
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H2SO4 


O-dH 


SO2 (OH)2 

or for calcium phosphate 


^>Ca or 

0 — o|h 


0 — 4 H 
S Ca 

o^ohh 


H3PO4 
(OH) 3 PO 
or NR2B4O7 

H2B4O7 

B 4 0 S ( 0 H )2 
or MgzSi2H207- 

H6&O2O7 

SiO(OH)c 


Ca- 


Ca3(P04)2 

HO 0 O OH 
\/ \/ 

-HO— P P— OH Ca 

/ \ 

HO Ca OH 


0 

Na— )H — 0 — B — £>*-3-0- -H(— Na 

I I i I 
0-0— 0—0 


OH 


OH 

/ N 


OH 

OH 

/ \ 


Mg Si Si Mg. 

OH N/ OH 
O * 


Chemical Equations. Formulae express only the com- 
position of substances but if these very substances interact then 
■what is to be done to show the quantities that are taken and 
also to express the quantities and the different kinds of products 
that are formed ? Not only can the composition be expressed 
by formulae, but the changes taking place in chemical reactions 
can be very veil represented in the form of equations. Because 
•we know for certain from the * law of conservation of mass * that 
the original and the final product must be equal in quantity, 
Thus : — 

A chemical equation is an expression used to re- 
present a chemical reaction. The bodies which enter into 
the reaction form the left-hand members of the equation, and 
the resultants of the reactions the right-hand members. 
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In every member of the equation the different formulas are 
connected by the sign 4 - and the two members are themselves 
connected by the sign = Thus : 

AB -f CD = AC + BD 

In order that a chemical equation be correct and good, 
the number of atoms (or equivalents) of each element must be 
the same in the two members of the equation. Thus when 
water is decomposed by electricity we get — 

H2O — 2H -f O 

This equation is correct mathematically but cr.emically 
considered it is wrong because a chemical equation is not merely 
algebraic but indicates tliac all the products are really formed 
1. c reactions must come out to be true For instance compare 
the equation * — 

CaO — Ca -I- O. 

Although this is a perfectly algebraically correct equation, 
still chemically it is quite wrong, since calcium oxide cannot be 
decomposed in this way. 

The equation must be both qualitative and quantitative 
Not only this but the reaction quantities must be such that 
they must exist in the form represented. Thus : 

H2O = aH + O. 

is correct both mathematically and qualitatively, but the 
hydrogen and oxygen as represented in the equation are im- 
possible of free existence and hence cannot be coming out as 
gases in that fonn These must be in their molecular form. 
Sometimes the products of the reaction may be of such a nature 
as to require for the formation of one molecule the presence of 
several molecules of the reacting substances. The molecules of 
the bodies are then to be preceded by a number which behaves 
like an algebraic coefficient. Snch coefficients might be calcu- 
lated, but as a rule, a very simple reasoning will do to deter- 
mine them. 
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We know that manganese dioxide MnOa is decomposed 
by heat so as to yield Mn304 and some free O. We should 
write 3Mn02 as the left hand member, since the molecule of 
the new compound contains Mn3 and this leads us to take 3O2 
or 06 . But since the molecule of Mn304 keeps O4 we con- 
clude that O2 is set free. Thus . 

3&fn02 = ,Mn304 + O2. 

N. B. 

The molecules of metals or solids under normal conditions 
are not yet determined and hence the metals have to be re- 
presented in the simplest form 1 e. atomic. Thus : 

2HgO = aHg 4 - O2. 


Chemical calculations. 

The equations such as those ones which have been just 
explained are not merely a convenient form of Tecording the 
results of experiments, but they represent the composition of 
substances, entering into reactions with one another and also 
the proportions by weight which take part in the reactions. 
But still further they also tell us the weights and composition 
of the products formed. Thus these can be very conveniently 
employed in solving problems that involve chemical transfor- 
mations. 

Examples • 

(1) What weight of oxygen can be obtained by heating 

40 grams of potassium chlorate ? 

• * 

The way in which potassium chlorate breaks up is : — 
2KCIO3 = zKCl + 3O2. 

The formula weight of potassium chlorate is • 

39 1 + 35-46 + 16x3 = 122-56. 

Thus from the equation we know that two molecules * e. 
245 ’iz grams of the chlorate give us 96 grams of oxygen. 
Hence by rule of three we get : 
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345*12 : 96 : 40 * X 

X = 15*66 grams. 

(2) What would be the weights of potassium chloride and 
oxygen respectively produced by complete decomposition of 
6 grms. of potassium chlorate ? 

(3*65 grams KCI & 2*35 grms. O ) 

(3) -Calculate the weight of hydrogen sulphide which 
would bo formed by dissolving 4 grams of antimony sulphide m 
concentrated hydrochloric acid 

.. (1*215 grms.) 

(4) A gas bag has a capacity of 45 litres. How much 
manganese dioxide containing 70 % MnOa is required to fill it 
with oxygen at I5°C and 760 mm. barometiic pressure 9 

... ( 710 grms. ) 

(5) 13274 kilograms of hydrogen are needed to inflate a 
baloon. What weights of zinc and sulphuric acid will be required 
to produce this quantity of the gas 9 

(4333’96 kilos Zn ; 6504 26 kilos H2SO4) 

(6) A specimen of marble weighing five (5) grams evolved 
2*1 grams of carbon dioxide (corresponding to a theoretical 
volume of 1162*5 c. c. at 2o°C and 750 mm.) when acted upon 
by an acid. Estimate the degree of purity', assuming that all 
of the carbonate was present as calcium carbonate 

- • (95'4S %) 

(7) What volume of hydrogen measured at r8°C and 

746*4 mm. pressure will be liberated by the action of aluminium 
upon 20 grams of sulphuric acid containing 41 5 per cent 
H2SO4 ’ — (1986 c c.) 

(8) Determine the purity of a sample of anhydrous sodium 
carbonate, 3 grams of which gave, by treatment with sulphuric 
acid and final ignition,' 3*99 grains of sodium sulphate 

■ <99*5 % ) 



CHAPTER. VII 


Gases and the laws that are pertaining 
to them. 


Everybody is quite acquainted with the fact that the 
three different 1 states ’ in which we see different things are 
only depending upon the temperature in individual cases 
Gaseous state is the property of all substances if the necessary 
conditions, especially as to temperature, are got In some cases 
the temperature is too high and in others the substances decom- 
pose before the necessary temperature is reached. 

General properties of gases, 

(1) Gases respond much more easily to alterations of 
temperature than liquids and solids. 

(2) Gases change their volume with the change of 
pressure. 

(3) Gases allow heat to pass through them without being 
perceptibly warmed, they are sometimes said to be transparent 
to lieat ; the scientific term is ‘ Diatherinaiious * [therm = 
heat ; dia = through.] 

(Similarly all gases can be liquefied, hence the term 
permanent gases is no more existing ). 


Characteristic of the gaseous state. 

All gases as said above show a very remarkable property 
of changing their volume rapidly, and this brings out the two 
properties of ' expansibility ’ and f compressibility 

Ex P an Sibility. A gas is known to be a substance 
the different particles of which remain as much away from 
each other as possible, and on this account all gases try to 
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expand indefinitely and so to distribute uniformly in the con- 
tainer. Distribution occurs with great rapidity if a gas is let 
in vacuum. 

If the gas is set free in a space that is already occupied by 
another gas, then the distribution takes place slowly. This 
phenomenon of distribution or mixing of one gas into another 
is called * diffusion * On account of diffusion the gases 
become evenly mixed. It is to be well borne in mind that 
diffusion is the function of the physical state and not of the 
intrinsic property of the substance and thus takes place 
quite independently of the relative weights of the gases 
Likewise unlike liquids gases of unequal densities once 
mixed have no tendency to separate in different layers. Com- 
plete and parmanent diffusion is the characteristic of all gases. 

(2) Compressibility. Liquids and solids are very little 
affected by pressure, but gases change their volumes by pres- 
sure in a surprising manner e. g. the volume of air pumped in 
a motor or cycle tyre. 

To understand the laws or relations of the gases we must 
have them under some accepted standard conditions of tempe- 
rature and pressure, under which all the measurements may be 
carried out. 

( * ) The Standard Pressure. The pressure on the 
surface of the sea of the air column above it is taken as the 
standard, and when this is measured by the height of the 
mercury column that is required to counter balance it, it is 
found to be 760 mm. of the length of the mercury column, if 
the measurements are taken at sea level and at latitude 45 0 and 
when the temperature of mercury in 0 °C. 

03 ) The Standard Temperature. All gases expand or 
contract by change in the temperature, and the change that 
that is found in a gas irrespective of its quality is that it shrinks 

or expands by ^ of its original volume per degree change of 
emperature. Judging from this we arrive at the fact that the 
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lowest temperature that would be necessary for a gas which is 
at unit volume at 0 °C must be -273 0 C and n6 further, and this 
is styled as the * Absolute Zero.' At absolute zero 1. e. 
- 273 °C the volume of a gas must be zero. This means that 
before such a temperature is reached all gases will have become 
liquids in which state the law will not apply. 

This-273°C is the starting point of all the calculations 
based on temperature, but the common starting temperature 
being the temperature of the freezing point of water t. e. 0 °C 
this 0 °C is styled as the * Normal temperature and -273°C 
is styled the absolute as compared to normal < e. 0 °C. 

Whenever measurements of volumes are to be made then 
one must Temember that the volume is affected in proportion 
to that of the difference from the absolute zero, and hence all 
computations must be reduced to this absolute temperature. 

So the conditions agreed as standard -taken common by 
all- are pressure at the sea level and the temperature at the 
freezing point of water at sea-level, and these are called the 
standard or better Normal Temperature and Pressure, or 
..bbnviated into N. T. P. 


< 


(1) The Law of Boyle. ( Relation of volume to 
pressme ), The gases are affected by pressure and change their 
volumes in a regular fashion. Boyle has found the regularity 
and put it in the form of a law and it is “ The volume of a 
gas, at constant temperature is inversely proportional 
to the pressure to which it is subjected ”. It can .be 
expressed in the mathematical form thus : 

V : Vi . ; Pi . p 1 e . V x P = Yi x Pi 


This is evident from the 
Pressure 1 2 

Volume 12 6 

Product 12 12 


following : — 

3 4 

4 3 

12 12 


6 atmospheres, 
2 litres. 

12 


* 
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Thus in the above case wo find the product 12 remains a 
constant quantity. 

Examples : 


(1) 1000 c, c. of hydrogen are measured under a baro- 
metric pressure of 740 mm. What will the volume become 
under the standard pressure of 760 mm. 7 


The formula is Vi = 
by substituting . Vi = 


V x P 
Pi 

1000 x 740 
769 


= 973*6 c. e. 


(2) A given quantity of nitrogen occupies a volume of 

36 o c. c. under a pressure of 740 mm. of mercury. What will 
the volume become under normal pressure, assuming that the 
temperatuie remains unchanged ? ••• ( 35 *°S c c ) 

(3) In one of his experiments on the determination of the 
density of hydrogen, E.W.Morley found that the weight of 
^2-2023 litres of hydrogen at 0 °C and 739*53 mm. was 3*6890 
grams. Find the weight of a litre of the gas at N.T.P. . 

. . (0*0898 grms.) 


II. The Law of Gay Lussac (Charles;. ( Relation 
of volume to temperature), just as pressure changes the 
volume, so also the change in the heat quantity of the gas 
brings about the change in the volume of the gas, and this 
relation is expressed as . Gases under constant pressure expand 

( or contract ) 1/273 P art of voIume at °° c for avoiy 
increase ( or deciease ) in temperature of i°C. t,e. the volume 
of a gas varies directly as the temperature, the pres- 
sure r emammg .conBtant Thus mathematically it becomes. 

V : Vi : t ti 

i.£.V x ti = Vi x t 




t 
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les: 


Vi 


(1) io c.c. of a gas are measured at is°C. What volume 
will the gas occupy at iso°C, 7 

V x ti 

Substituting the formula V i = — - — 

io x (273 + 150) 

(273 + 10) 

= 14*69 c. c. 

N. B. While substituting ' t ’ it is to be well remembered 
that the temperature Is to be calculated from the absolute zero 
1. e. -273 0 C 

(2) What will be the volume at 25°C. of 252 c. c. of 

o\ygen measured at i5°C. - (260*75 c. c. ) 

(3) A gas has its temperature raised from i5°C to so°C. 

At the latter temperature it measures 15 litres. What was the 
initial volume ? ...( 13*3746 litres ) # 

(4) The volume of a given mass of sulphur dioxide 

measured at i6°C was found to be 49 8 c.c. What would the 
volume become if the temperature were increased to 3o°C 
pressure remaining unchanged 7 ... (52*2 c. c. ) 

(5) A vessel of 2,000 c. c. capacity held 5 grams of a 
vapour at standard conditions of temperature and pressure. 
What weight of this vapour at io°C and 750 mm. pressure can 
be held in this vessel, the capacity considered constant 7 

— ( 47® gnus. ) 

JN. JD* s 

A change of physical conditions t.e. solid, liquid or gaseous, 
of different substances requires different temperatures and pres- 
sures. Different quantities and different substances do require 
different physical energy in the above cases, but in the case of 
the special physical state t.e. gaseous, it is a peculiar thing . 
No matter what is the quality of the gas (1. a whether a simple 
gas or a compound gas or a gaseous mixture) and the quantity 
of the gas it behaves always in the identical fashion when tem- 
perature (height of temperature) is made to bear influence upon 



70 


CHEMICAL THEORY AND ARITHMETIC. [CHAP. 

it. For every degree change in the temperature the volume 
changes, by x/273 rd. of its original volume, irrespective of its 
quantity and quality, provided the pressure is maintained the 
same throughout the change. 1 


111. Relation of Temperature and Pressure. If the 
volume be kept constant the pressure will increase in propor- 
tion to the temperature (absolute). 


Combined effect of Boyle’s and Cbarle’s Law. 

Ifagasis simultaneously affected by both temperature 
and pressure, naturally both the laws will bear the effect on the 
volume of the gas, and hence as both are working, the result in 
the end will bo the combined effect, and if both are made to 
act alternately, one after the other, or conjointly, the end re- 
sult will be the same ; and hence the combined laws may be 
represented as : — 

(i) Boyle’s law V • Y * . Pi P. 

(li) Charles’ law V : Vi . t * ti. 

If these are expressed m terms of variation then 

(a) V varies as Vi .Pi varies as P. and 

(b) V varies as Vi . . t varies as ti. 

\ (a) and (b) combined 

Y • Vi . . Pi ■ P t tx 
VP : V1P1 • . t : ti 
V. P t = Vi.Pi.t 


or as the calculations aie always resolved to N T.P. the formula 
will be 


_ V.P.273 
= 760 x t 


for N.T.P. 


Vi 
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gases and their laws. 


7 * 


(i) 500 c. c. of chlorine are measured at 27*0 and 750 
mm. pressure. The temperature is increased to 77°C and the 
pressure to 1 ,000 mm. Find the new volume. 

A. sum like this can be worked in two ways. Firstly by 
solving the changes for the temperature and pressure individu- 
ally, and secondly by arriving at the final volume by working 
out the effect in a joint fashion. 

( < ) Separate formula : 

(i) Boyles law. V . Vi : . Pi : P 
• 1000 : 750 : : 500 : Vr 

. Z50 * 50° „ 

• 1000 31 3 ‘ 


(ii) Charles law. V . Vr : : tl 
' (273 + * 7 ) '• ( 2 73 + 

350 x 37s 


77 ) 


375 : * 


300 


437 - 5 - 


(J 3 ) Combined formula : 


Vi 


V.Pti 

Pl.t 


500 x 750 x (273 + 77) 
1000 x (273 + 27) 


= 437 ' 5 - 


(2) A baloon containing i.aooc metrek of coal gas under 
a pressure of 770 mm. of mercury ascends until the barometer 
stands at 530 mm. What volume would the gas in the baloon 
now occupy supposing none to have escaped. 

. ... (i 743’4 o- motors, 
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Henry's Law. 

Gases like solids aio solublo in liquids and their solubility is 
greatly influenced by circumstancos with regard to temperature, 
pressure and the solvents. 

With regard to temperature remembering Charles’s law we 
can see that the solubility ought to get less and less as the 
temperature goes up, because the gases will try to expand and 
thus naturally will require more volume to occupy. 

But with regard to the pressure influence, this question was 
studied by Henry, and he puts down his results in the form of 
the following law. 

(1) The solubility of a gas is proportional to the 

pressure at constant temperature, i. e the 
mote the pressure more the quantity of the gas that 
is dissolved, 

(N. B. the solubility of a gas is always expressed in terms 
of xoo volumes of the solvent t t. water and the dissolved 
volume of the gas in ioo volumes of the solvent ) 

There are two more statements of the same law, but the 
stand-points taken in defining it are different, and this bnngs 
about statements which apparently looks paradoxical though 
if the wording is carefully considered and the words properly 
understood nothing unusual can be found in them. The two 
statements are as follows : 

( 2 ) The volume of a gas dissolving in a certain quantity of 

a liquid is independent of the pressure 

(3) The ratio of the concentration of the dissolved and 

the ondissolved portion of a gas bear a constant 
ratio to each other. 

The second statement of the law is equivalent to the first 
statement, because if the pressure is doubled the quantity or 
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the gas absorbed is doubled, but since its volume according to 
Boyle’s law is halved, the original and the final volume absor- 
bed is the same. 



Pig 5 Pig 6 

From figures 5 and 6 it can be seen that 
A vol. + A' vol, at p = A vol. at 2p. 

(A + A') vol = A vol. 

The same volume under p and 2p. 

* The same volume. 

This can he also proved mathematically thus : — 

Suppose m grms. of the gas are contained in volume V at 
pressure p. 

Then m grms. of the gas are contained in 

volume — at pressure 2p. 

If S is the solubility at pressure p, 

then by Henry’s law aS is the solubility at pressure 2p. 

Now S grms. of the gas at pressure p are contained in a 

volume equal to — 
m 


10 



74 CHEMICAL THEORY AND ARITHMETIC. [ CHAP. 

and 2S grins, of the gas at pressure 2p are contained in a 

, , sS V SV 

volume equal to _ x - - — — » 
m 2 m 


i. e. the volumes of the gas dissolved at pressures p and 
2p are identical and therefore independent of 
the pressure. 


The third statement is also the same as the first, only the 
quantities and the volumes are disregarded but the number ot 
particles or concentration of the dissolved and the undissolved 
volumes of the gas before and after the change of pressure are 
studied and their relations expressed in the form of a law. 

Suppose the ratio in a given condition is i * 50. Then 
when the pressure is doubled the concentration both in space 
and in the water is doubled, but the ratio remains the same as 
the ratio is doubled both ways. 

Again to put it in a mathematical form : — 

Suppose m grms. of the gas are contained in volume V at 
pressure p, 

V 

then m grms. of the gas are contained in \ olume -- at 
pressure 2p. 

If S is the solubility at pressure p, 

then 2S is the solubility at pressure 2p, 


and V is, say, the volume of the solvent. Then 




concentration of the dissolved gas 


S 

V 


ii 


m 

» = ~%f 


» 


undissolved 
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At 2p ' 

2S 

concentration of the dissolved gas = y 




„ undissolved 



the ratio ■» ' 

The ratios being equal it follows that the concentrations 
of the dissolved and the undissolved is the same. 


N.B. 

Henry's law is obeyed at moderate pressures and by gases 
which are not extremely soluble. 


Ammonia (or sulphur dioxide or hydrogen chloride, etc.) 
does not obey Henry's law at ordinary temperatures when it is 
extremely soluble, but at roo°C when it is sparingly soluble it 
obeys this law. 

As a corollary of the statement “A given volume of a 
liquid will absorb the same volume of a gas at all pressures " it 
follows that : 


(a) A gas may be removed from a liquid if the solution is 
exposed in a space where vacuum is constantly kept. 

(b) The same thing happens if a liquid charged with a 

gas is exposed in an atmosphere of another gas. The effect of 
the indifferent gas it is to retard the liberation of the first : the 
final effect is the same but a longer time is required 0. g. 
crated water. 15 

(c) A gas may be made to replace another gas by sending 
a current of the first through the solution. 

The following are the solubilities of gases. 


100 vols. 

H 20 

dissolve at 

N.T.P. 

105,000 

vols, 

nh 3 . 

If 

»l 

11 

it 

5c, 500 

If 

HCI. 

n 

II 

If 

f‘ 

8,000 

JJ 

SO2. 

ft 

it 

It 

•» 

440 

f> 

HsS. 

ft 

tt 

If 

» 

180 

If 

CO2. 

ft 

11 

11 

11 

4 

11 

Oa. 

if 

» 

it 


2 

II 

Nz. 
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Examples • 

(i) Given that at 4°C and a pressure of 760 mm ol 
mercury 100 c c of water dissolve 000294 gnus of nitrogen, 
calculate what weight of the gas would be dissolved in the 
same volume of water at the same temperature if the pressure 
were increased to 1600 mm of mercury 

weight of nitrogen dissolved .it 760 mm. pressure 

= 0 00294 grm. 

By Henij 's law ^ •= P, 

Weight of nitrogen dissolved at 1600 mm. pressure 

1600 

- o 00294 x -755 
= 0-00619 gmi. 

(a) In an experiment it was found out that the weights of 
marsh gas and ethylene m 10 litres of water were respectively 
o’32i grm. and 0-597 grm. Given that at the temperature of 
the experiment and at the normal pressure, 100 c. c of water 
dissolve 0-00392 grm. of marsh gas and o 0324 grm. of ethylene. 
Calculate the combined pressure of the two gases. 

Here it naturally follows that the pressure due to the two 
different gases must bo found first and then added up. The 
different steps for the same are as follows . — 

(I) The volume of marsh gas dissohed m the given 
volume of water. 

100 x 0-00392 a 0 392 grms, of maish gas. 

(II) Next step is to calculate' the pressure that would be 
required for dissolving the given weight 0-321 grm. of marsh gas. 

The pressure would be *760 x ~rr «■ 622 mm. mercury. 

(lii) The volume of ethylene dissohed in the given volume 
of water. 

■= 100 x 0-0324 = 3 24 grms. 
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(iv) The pressure required foT dissolving the above weight 
o’sq7 grm. of ethylene gas. 

= 760 x “ 140 mm, of mercury. 

The combined pressure therefore is . 

Pressure of marsh gas = 622 mm. of mercury. 

>, „ ethylene gas = 140 „ „ „ 

*. combined pressure = 762 mm. of mercury. 

(3) Given that the coefficient of absorpt'on of carbon 
monoxide in water at 2o°C is 0‘0i. Calculate the volume of 
the gas at 0 °C which would be absorbed by 1*42 litres 'of water 
at 20°C. 

The volume of a gas reduced to 0 "C absorbed 
by 1 c. c of a liquid at t'C is called the coefficient 
of absorption of the gas in the liquid at t'C. 

x c. c of water at 20°C absorbs o-oi c. c. of carbon mon- 
oxide measured at 0 °C. 

1 42 litres or 1420 c. c. of water at 20 a C absorb o’oi 
X 1420 =» 14*2 c. c. of carbon monoxide measured at 0 D C, 

(4) Calculate the coefficient of solubility of carbon dioxide 
at 5°C given that 87 c. c. of water dissolve 128 c. c. of the gas, 

s 

The gas must be reduced to normal temperature 

• Volume of carbon dioxide at 5°C = 128 c. c. and therefore 

at 0 °C - 128 x — 

273 + S 

Thus we have 87 c. c. of water at 5°C absorb 128 x 

273 

c. c. of carbon dioxide at 0 °C. 

1 c. a of water at 5°C absorbs 

- 128 x x ~ = x'45 c.e. of 
carbon dioxide measured at 0 °C. 
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The coefficient of absorption of carbon .dioxide at 5°C 

is 1-45. 

(5) Given that 92 S c. c of water at is c C absorb 977 c c 

of carbon dioxide (measured at I5°C.). Calculate the coefficient 
of absorption of the gas at this temperature ...(0*998) 

(6) A litre of water at 0 °C is brought in contact with a 
mixture of nitrogen and carbon dioxide in the proportion of 1 3 
vols. of the former to 7*7 vols of the latter, the combined pres- 
sure of the gases being equal to that of 78*4 cm. of mercury. 
Given that the coefficient of absorption at 0 °C for nitrogen is 
00329. Calculate the volume of each gas, measured under 
standarej conditions, which would be expelled from the water 
on boiling, assuming that the gases were absorbed to saturation 

(3 50 c c. of nitrogen ; 29*0 e c. of carbon monoxide ) 

(7) The coefficients of solubility of hydrogen in water and 

alcohol at 0 °C are respectively 002148 and 006925. What 
must be the pressure of the gas (measured in centimetres of 
mercury) when the solvent is alcohol, in order that the weight 
of gas absorbed by a litre of alcohol at O d C may be the same as 
the weight taken up by 3*42 litres of water under standard con- 
ditions of temperature and pressure 7 ... (806 cm mercury.) 


Y Graham's Law (Rate of diffusion.) 

Under definite conditions of temperature and pressure the 
gases diffuse inversely proportional to th e square root of their 

densities 

« 

This is the relation that has been found out with regard to 
the speed with which gases move either simultaneously in 
opposite directions or in the same direction. It is but natural 
to find that a heavier body moves more slowly than the lighter 
one, but h ow much slowly is the point under consideration 

As the gases in their physical properties behave similaxly, the 
rate of the physical property also should be found to be similar 
and experience has proved that to be so. Thus if hydrogen 
and oxygen are compared then it is found that oxygen mo ves 
four times slower than hydrogen or according to the above law 
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the diffusion ratio 1 




i 

r 


i.e. i . 4. 

(N.B. 0 • H : 16 : 1 ) 

Examples . 

(1) The density of caibon dioxide relative to air, is 1*526 
at S.T.P. How many cubic centimetres of air would diffuse 
across a given area in the same time as 125 cc. of carbon 
dioxide under similar conditions. 


Let V be the volume of ail which would diffuse across the 
area in the same time as 12 c.c of carbon dioxide, then by 
the formulas 




V 

VI 

by substituting we get 
V 

— EC 

125 


[V and d stand for the volume 
and the density respectively.] 




• 5 2 9 


• v = 155* * 111 * iii >. 

’* iit 

= 155 cc. 

(a) In an experiment it was found that 250 c c. of a gas, 
X, diffused through a hole into vacuum in the same time as 
310 c.c. of air. Calculate the relative density of air 

By Graham’s Law we have 

Rate of diffusion of air 
Rate of diffusion of A. 


of A 


j Density 
> Density of air 

Density of A / 310 \’- 
Density of air = \ IjcT j 


i’54, 


i.e. the density of X relative to air is 1-54. ' 

absoIutedensit S r of nitrogen is 1-25 gm/lit. and 
that of hydrogen 0 *o 9 gmflit. Calculate the volume of nitrogen 
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which would diffuse through a porous membrane of given area 
in the same time as too c.c. of hydrogen. (26.8 e c.) 

(4) In an oxporiment the relative rates of diffusion of 
chlorine and hydrogen were found to be 1 • 5*99. 

Given that the density of air relative to hydrogen is 14 4. 
Calculate the density of chlorine relative to air (2*49)- 


VI. Gay Lussac’s Law (of combination by volumes). 01 
the Law of Gaseous Volumes 

The last thing that we have to consider about the ways in 
which thr gases behave in .1 chemical reaction is about the 
different quantities that are required for combinations and to 
see if there is any goncral rule that governs their combinations. 

Experiments have show n that w hen gases combine (and 
form compounds and not mixtures or solutions) with one 
another the voinmos of the gases which enter into combination 
are very simply related t o each other and to the volume of the 
compound produced when the laltoi is a gas. Hence Gay 
Lussac says : — 

"When a gas combines with another gas to form a 
compound and the product formed be also a gas then the ratios 
of the original combining gases and the gas formed are 
always in integer— round— numbers 
Thus we have ■ — 

2 vols. of hydrogen combine with 1 vol. of oxygon and 
form 2 volumes or water vapour 
Similarly 

1 vol. H + 1 vol. Cl = 2 vols. HC1. 

1 vol. 0+2 vols. CO = 2 vols. CO2 

1 vol. N + 3 vols. H = 2 vols. NH3, 

Examples ; — 

(1) 20 litres of hydrogen are mixed with 10 litres of 
chlorine. Which gas remains in excess p How many litres of 
hydrochloric acid gas are produced 9 
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i vol. H + i vof. Cl = 2 vols HCl 

10 litres of Cl +• 20 lities of H = 20 litres of HCL + 

io litres of H 

Thus ro litres of hydrogen remain over in excess as they 
have no chlorine to combine with 

(2) 60 cubic centimetres of hydrogen are exploded with 

75 cubic centimetres of oxygen. Required the total volume of 
the gases after the explosion, measured at igo^C and 760 mm. 
pressure. ... (, 54 97 c c ) 

( 3 ) How many htrcs of air at N T P are required for the 
complete combustion of 10 gas litres of (1) marsh gas (CH4), (2) 
Olefiant gas (C2H4) and (3) Acetylene (C2H2) 9 

(95‘2j litres , 142 8 litres ; it 9 04 litres.) 

(4) An unknown volume of hydrogen sulphide required 
1 10 34 cubic centimetres of chlorine for complete decomposi- 
tion. What was the volume of the hydrogen sulphide 9 

... (’no 34 c. c) 

(5) Carbon dioxide, measuring 1800 a c at 10’C and 770 

nun. pressure, is passed through a tube containing red hot 
charcoal. Any unchanged dioxide is absorbed in potash bulbs. 
If the latter increase in weight by 18 grams, what volume of 
carbon monoxide can be collected 9 (i735"2 c. c ) 

(6) A mixture of nitrogen, hydrogen and carbon monoxide, 
45 ° c* c. in volume, was exploded with an excess of oxygen 250 
c c After the explosion the volume of gaseous products 
measured 500 c. c. With the removal of the aqueous vapour 
the volume of the product measured 400 c. c What was the 
volume of each of the components in the original mixture ? A 

temperature of 100 C and at atmospheric pressure cohsidered 
constant 

(R=ioo c. c , CO-300 c c ; and N= 5 o c. c) 


u 
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Dalton’s Law of Partial Pressure. 

Gases as we know are so composed that there is a suffi- 
cient amount of space Detween different particles 1 e mole- 
cules ; and these molecules also have a tendency of flj mg away 
from one another. Now imagine what should happen if two 
substances of the above character are brought together. 
Naturally what we expect is, inat the two kinds of the mole- 
cules of the gases, while trying to fly off from one another, will 
necessarily mix up among themselves so well and intimately 
that they would form a new substance of almost homogeneous 
character due to the diffment particles getting chances to 
occupy intervening spaces between the different gas molecules. 
Thus when two gases, which do not act chemically on one 
another under the conditions of the experiment, are brought 
together, the gases mix intimately bv diffusion , so as to form a 
homogeneous mixture, because all gases mix in every propor- 
tion and apparently have no effect upon each other save when 
obvious chemical action occurs. If these mixtures of gases are 
subjected to different temperatures or pressures they obey the 
laws of Boyle and Charles as if it were a single gas Here 
though there may be different ga'es present, yet as the gases 
from the point of view of the kinetic theory are made up of 
molecules whose physical character is simple, ought to behave 
in the same fashion irrespective of their individual nature, and 
thus muSt show similarity of character i.c must behaie as 
a single gas. 

Thus when two gases of equal volume at the same condi- 
tions are brought together and communication made between 
the two vessels, it is found that the gases from the two vessels 
independently diffuse into one another and become uniformlj 
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distributed throughout this double volume (the two vessels). 
In short each gas behaves as if it alone were present in the total 
space included in the two vessels. Under the new double 
\ olume of the original volume each can only evert but one-half 
of its original pressure. 

The sum of the pressures of the two gases, however, must 
be again equal to unity or that much pressure which each of it 
originally everted. Consequently the total pressure of a 
gaseous mivture may be regarded as the sum of the individual 
or the fractional pressures of the several components. Thus 
each individual component of .1 gaseous mivture exerts a 
definite individual pressure, the same that it would exert were 
it alone present in the container, and this individual pressure is 
called the ‘ partial pressure ’ of that gas. 

These relations were studied by Dalton who summarised 
them into a statement now called the ‘ Dalton’s Law of Partial 
Pressure ’ which is * The pressure of a mixture of chemi- 
cally indifferent gases and vapours, is equal to the sum 
of the pressures which each would exert, if it alone 
occupied the whole space. 

Thus the total pressure of air at the sea level is 760 mm. of 
mercury and is made up of the following partial pressures . — 


Composition 

by 

gas: 

Composition. 

by 

volume 

78 03* 

Nitrogen 

pressure. 

587*0 mm. 

20*99 

Oxygen 

*57-<> „ 

TOO 

Water vapoui 

8*o „ 

0 95* 

ATgon 

7*i „ 

003 

Carbon diovide 

°*3 » 

101 00 


760*0 


Thus it can be seen that if for instance all the ovygen were 
removed without change in the volume, the total pressure would 
be 760*0 — 157*6 = 602*4 mm. Similarly if the water vapour 
were removed instead of ovygen the pressure would be 760*0 
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S'o = 752-0 mm. Thus it is evident from the law 0/ Boyle that 
if the pressure had been maintained constant at 76o‘o mm. and 
a portion of the mixture say water vapour was removed then 

the volume would havo to decrease to ^ of its original 

volume. The application of this principle is important when a 
gas has been measured over w ater, because in such a case the 
volume of the gas is not the true volume of the gas alone 
but is due to the gas plus tlve water vapom That is 
when aqueous vapour is present in a volume of a gas 
we have again the consideration of a gaseous mixture. 
The partial pressure of water vapour in a gas m contact with 
water is independent of tile total pleasure of the gas and varies 
only wth the tempaiature. 


Examples 

(1) If 100 vols. of air consist of 20 66 oxygen, 77 9 
nitrogen, 003 carbon dioxide, and 1 40 of aqueous vapour, and 
the barometei stands at 760 mm. What is the partial pressure 
of each of these gases and vapours 9 

(O = 157*01 111m., N = .I9Z 11 mm, CO2 = 023 mm., 
H2O =• io - 6 mm.) 


(2) A mixture of equal volumes of dry oxygen and 
nitrogen is collected over watei at 750 2 mm. Calculate the 
partial preasurc of the gases in the mixture neglecting the water 
vapour. 

(3) The following quantities of gases are contained over 
meromy m separate measuring vessels — 


70-0 

c c. 

of hydrogen at 

i 5 °C 

and 

720 mm 

xoo 

c. c. 

of oxygen 

at 

io°C 

and 

700 mm. 

14-0 

c. c. 

of mtiogen 

at 

30°C 

and 

760 mm. 


* All aie mixed in anothei vessel at i8°C and the volume is 
iound to be 94-00 c. c. What is the total pressure in the vessel 
and the partial pressure of each constituent ? 

(731-0 mm. Total. , 54* mm- H , 77 mm. O 5 and 112 mm. N ' 
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o- • 

The Kinetic Theory of Gases. 

o- 

\ 

All gases irrespective of their nature u e. whether a simple 
gas, a gaseous compound or a mixture of gases, and also 
whether an active body like chlorine or an inactive body like 
nitrogen, (these all) behave identically in almost all of their 
physical properties. We have already seen that the laws of 
. Boyle, Charles, Henry, Graham and Dalton are all equally 
obeyed implicitly by the different gases. From this it becomes 
quite obvious that as they have similarity of behaviour they 
also must have similarity of constitution or rather 
similarity of composition. 

To account for the gas laws and also the departure from 
these laws which are also almost of universal character it seems 
to point to an equally simple and universal constitution 
for all gases. 

It is but natural to consider whether any mental picture of 
the nature of gases can be suggested which can serve to account 
for the simple laws which have been found to represent their 
behaviour, and also to account for the deviations from these 
laws. Such a mechanical representation was brought by 
Bernoulli as far back as 1738 and has been developed by later 
workers into the “ Kinetic Theory of Gases.” 

The first fact to arrest attention is the expansive tendency, 
causing gases to fill, with uniform concentration, any space 
within which they may be liberated. This can easily he ex- 
plained from the following considerations 1. e. the Kinetic 
Theory. According to this Kinetic Theory, (Kineo • I move), 
gases are made up of small perfectly elastic particles -the 
chemical molecules- which are in continual rapid motion, 
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colliding with each other and with the walls of the vessel con- 
taining them. The particles of any one g.is are supposed to be 
identical, but differ from the parttcles of other gases in respect 
of mass, speed and other properties. The space actually filled 
by the gas particles is supposed to be smaller than that which 
they in habit under ordinary conditions. They have therefore a 
comparatively large free space in which to move, and are 
practically free from each others influence except during a 
collision The average dislauce over which a particle moves 
before colliding with another particle is termed the Mean Free 
Path of the particle. 

In the course of their movement, molecules must be con- 
tinually striking on and rebounding from the walls ot the con- 
taining vessel, thus exerting a certain pressure which 
obviously will be all the greater, the greater the number, mass 
and velocity of the colliding molecules. 

Thus to put the above idea in a more systematic form it 
would be ' 

(i) Gases aio made up of minute particles vis. molecules 
which are m continu d rapid motion colliding with 
each other and with the walls of the containing 
vessel. 

(a). The molecules are perfectly elastic, smooth and 
spherical. 

(3) . The volujne actually occupied by the gas molecules 

is small compared with the volume the gas occupies 
under ordinary conditions. 

(4) . The gas molecules evert a slight attractive force. 

(5) . The molecules are infinite in number. 

Now let us examine each clause separately 

The fiist clause assumes that molecules are in continual 
motion. Why? The phenomenon of diffusion leads as to as- 
sume that molecules must be m rapid motion. The gases can- 
not diffuse one into the other if molecules aro at rest. Further 
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if molecules are at rest a mixture of two gases on standing will 
show signs of settling into two constituents due to diffeience in 
specific gravity , but mixture shows no signs of settling and hence 
the diffusion and absence of settling in a mixture of gases leads 
us to assume that molecules must bb in continual motion. 
Further clause (i) accounts for the pressure exerted by the gas 
It is clear that a pressure is exerted on the sides of the containing 
vessel every time a molecule stiikes the boundaiy wall Hence 
clause (i) of the Kinetic Theory accounts for diffusion of gases 
and the pressure exerted by a gas when confined in a vessel. 

Clause (2) describes the molecules of a gas. It assumes 
the molecules to be perfectly elastic If the molecules are not 
elastic, then, after a collision, they will not rebound with the 
same velocity as before, and the velocity after every collision 
will decrease and ultimately will become zero when the gas will 
cease exerting the pressure. This is contrary to experience and 
hence the molecules must be prefectly elastic 

The molecules are fmther assumed to be prefectly smooth 
1. c. frictionless for otherwise after ever) collision due to fnction 
the velocity will dimmish and ultimately become zero when the 
gas will cease exertin? the pressure. This being impossible, the 
molecules must be perfectly smooth. 

Lastly clause (2) assumes molecules to be spherical The 
spherical shape is assumed because as a general rule we find 
that rotating and revolving bodies in nature assume sperical 
shape. Our Earth and the planets which revolve round the 
Sun are known to be spherical bodies Hence molecules which 
are in continual motion are likewise assumed to be spheres. 

" Hence clause (2) of the tlieor} gives us a general concep- 
tion of the molecules. 

Clause (3) accounts for the compressibility of gases. ‘It 
states that there is a free space between molecules and hence 
on applying pressure the volume diminishes due to crowding 
together of molecules’. The clause introduces the concept of 
Mean Tree Path of a molecule since there is a large free space 
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between tbe molecules, a molecule has to move over a certain 
distance before it can collide with another molecule. This dis- 
tance is called the M.F.P. of a molecule Hence clause (3) 
accounts for the compressibility of a gas and introduces the 
concept of M. F. P. of a molecule. 

Clause (4} accounts for the deviation of gases from gas laws 

Thus according to this theory the pressure exerted by a 
gas, or its elastic force on the walls of the containing vessel, is 
due to the combined effect of the bombardment of its mole- 
cules against the walls of the vessel It is quite evident, there- 
fore, that the magnitude of the pressure must depend upon 
the mass and the velocity of the particles. It can be 
shown that the pressure exerted by a single particle is propor- 
tional to its mass and to the square of its velocity, and the total 
pressure is the sum of the piessures everted by each of the 
particles 

Thus to put it in a mathematical form it would be 

If "n” be the number of molecules of mass “m” each, be piesent in 
a volume V at plessure "p” and if "c” be the lelocii) with uhich each 
molecule moves then pi = ^ in n r* ( Kinetic Equation ) 

Now it can easily be seen that the simple gas laws are in 
full accord with the view as to the constitution of gases just 
stated If at constant temperature the volume in which a 
definite mass of a gas is confined, is halved, the number of 
impacts, on the walls in a given time, is doubled , in othei 
words, the pressure of the gas is doubled, and this is Boyle’s 
law of Gases 

Further we have already seen that at constant volume the 
pressure of a given mass is proportional to the absolute tempo- , 
rature. As increase of temperature cannot alter the numbei 
of particles, the observed increase of pressure, must according 
to the kinetic theory be due to an increase m the speed of the 
particles, resulting in a greater number of impacts on the walls 
of the vessel in a given time. 

Further again we have seen that mechanical considerations 
show that two swarms of moving particles such as according to 
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the kinetic hypothesis, gases axe supposed to be and are in equili- 
brium with each other, when the average kinetic energy of their 
particles is the same Now real gases are actually in equili- 
brium when under the same temperature and pressure, i e they 
can be mixed without pressure or ^temperature undergoing any 
alteration. Hence if the actual constitution of real gases is 
truly represented by the kinetic hypothesis, equal volumes of 
different gases, at the same temperature and pressuie, must 
possess equal amounts of molecular kinetic energy. Thus two 
' equal volumes of different gases under the same coditions of 
temperature and pressure, exert the same elastic force i e. pres- 
sure, upon the containing vessel, that is to say, the kinetic 
energy in each volume is the same According to Avogadro’s 
hypothesis (still to be explained) equal volumes of all gases 
under the same conditions of temperature and pressure contain 
an equal number of molecules, however much the weight of these 
molecules may vary ; therefore the aveiage kinetic energy of 
each individual molecule will be the same It follows from 
this that the mean velocities of the different molecules must 
vary, and the calculated numbers representing the actual velo- 
cities of movements of the molecules of different gases show 
that, these rates are proportional inversely to the square root of 
their respective densities But according to the law of gaseous 
diffusion (Graham's law) the relative Tapidity of diffusion of 
• gases is inversely proportional to the square roots of their den- 
sities. Hence by a purely mathematical process, based upon the 
kinetic theory of gases, the law of gaseous diffusion is proved 
to be true. Similarly the kinetic theory could be seen to* be 

applicable to the phenomena of condensation, evaporation, 
solution etc. 


Thus again to put the above considerations in mathematical forms 
I Bole’s law of gases 

Boyles law can also be deduced from the Kinetic liquation 
gnen above The right hand side of the equation is made up 
of factors which are cast up at constant temperature It follows, therefore 
that at constant temperature the product of pressure, and i olume equals 
a constant . which is Boyle's law 
12 
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II. N e maj now deduce fharlc’s law. 

I he alwse eqmtion m n be written in a shghtl/ different form — 
p\ *• * , x i< nmr s 

Noa ’.me 5 1>. (he Itinei e Knag) of .1 single molecule and J£mnc® 
represents the Kmetiu Tsncrg], nfythe gas so that the product jn «• JK .15 

1 ‘rom this equation it follows that at « (instant volume the pressure is 
proportion d to the Kmitic i'lirtlior it Ins been shown b) CUr? 

Mavwcll tint the Kinetic hnergv is projjortioml tn the absolute 
tcmparaturc, Heme it follows that at constant solumc the pressure is 
proportion'd to the absolute temperature which is Charle’s law 

lit Nov, we mu deduce Avogadro's Hypothesis 

•suppose the solume ‘V’ of a gas at pressure "p ’ and temperature “t" 
m one case contams "n i” molecules of mws ‘ n,,” an.! v eloci tj "c,” an* t ip 
the other case ‘n. r molecules of mass ‘m„* an*l ami velocity “c_’ t 

‘I hen pi *=*'3 m, Hi (.,'*> 1 m. n. c. s 

or nij «>i c i a -=m„ n» cj (i) 

Now k K of 1 molecule m(t)=* m, e,* 
and . . (*)»;< m_ e.» 

Since temper uurcs m the two cases are equal K II of a single 
molecule in the t«o cases must also la. equal 

1 r o.. nii Ci’-* ). m. (.* 
or m, c_* =* m- c-* (2) 

Dividing equation (1) l>> (s) we get n t *= n/ 

In other words cquRl volumes of two gases under similar condition*, 
of temperature and ptessure contain Hk. same number of molecules 

* IV The kinetic equation nlso enables us to deduce (Graham’s Jav 
of diffusion 1 ‘rom tl c equation it follows that 



but i^. - RT 

ft 



But m, the mass of a single molecule is proportional to the 
relative densities * d” {sft> ) 
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‘ C constant x d 

if temperature T is cans trail, 

then c«= constant x Ji/d or cx „/d = constant, so that the 
velocity ■with which a gas molecule motes is imetsely proportional 
to ./density ft constant temperature 

Since diffusion is due to the molecular 1 elocitx it follows that at 
constant temperature the rate of diffusion is imerseli proportional 
to Velocity which ts Graham’s law of diffusion 

Having deduced the gas laws we will now proceed to point 
out the importance of the Kinetic Theory. 

(1) Fust of all the Theory gives a satisfactory explanation 

for the laws followed by the gases 

(2) The Theory enables us to calcuktethe speed at which 

the molecules move. 


According to the K. E. 

C = 

Hence substituting the known values on the right hand 
side of the equation the value for the speed can be calculated. 



(3) It explains the phenomena of condensation and eva- 
poration ; thus 


We know that the different particles in a liquid have not 
the same freedom of movement as in a gas, although they may 
be assumed to be identical with the gaseous molecules and have 
equal velocities On account of this difference in the freedom 
of independence the molecules in a liquid though do not move 
as freely as in a gas, still they have sufficient freedom and move 
quite freely within the liquid itself and thus under the influence 


containing the liquid. Inspite of the clinging together of the 
molecules in a liquid still during their movement those that are 
near the surface have sufficient motion to free themselves from 
their neighbours and leave the liquid altogether and become free 
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gas molecules Now if these molecules travel unhindered the 
space made vacant by them will be taken up by other similar mole- 
cules from the liquid and this will go on till all the liquid is evapo- 
rated But if the liquid is kept in a closed vessel then the 
shooting gas molecules will travel only up to the walls of the 
container and will of necessity travel backwards and thus return 
to the liquid and be retained by it i t. again the gas will be 
condensed and so the cycle will continue and a state of equih- 
trium will be reached when the number of molecules going out 
and coming in become equal. 

(4) It explains the phenomenon of solution. 

When a soluble crystalline substance is brought in contact 
with tne solvent, some of its particles become detached and 
enter the solvent and then move freely in the solvent After a 
time these moving particles come again In contact with the solid 
and are retained by it. This give and take process goes on 
untill the number of particles proceeding from the solid and 
coming to the solid is the same in a given time. No further 
apparent change takes place and the solution is said to be satu- 
rated 

(5) It explains the phenomenon of thermal dissociation 

According to this theory the molecules of a gas are con- 
stantly in motion Although we assume a constant mean- velocity 
for the molecules as a whole body still the velocities of the 
indiv idu.il molecules must be considerably different because of 
then frequent collisions with one another. And thus as the velo- 
cities are different their will arise at different temperatures such 
conditions that atleast some will have their velocities far greater 
than their mutual attraction Now it is very easy to conceive 
that under such circumstances the velocities at last may become 
so violent as to throw the molecules or atoms out of their space 
of mutual attraction The molecule is thus broken or decom- 
posed This will however occur only with those molecules 
whose velocity is above a certain limit Thus we can easily see 
Tyjjy a partial decomposition takes place The explanation for 
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partial combination is exactly the same and thus we can see 
why their is a state of dissociation in a gaseous body like 
hydrogen iodide. 

2 H I c ' — H 2 + la. 

From the explanations and results got above, we may 
fairly conclude that the mechanical structure postulated by the 
kinetic hypothesis, as far as we have’g<5ne, is an accurate model 
of that actually possessed by existing gases. 

• Upto this point, the tacit assumption has been made that 
the particles constituting the ideal gas are mere points 
and are without any mutual attraction or repulsion and 
are even incompressible The dimunition in the volume on 
compressing a’ gas is ascribed entirely to a dimunition in the 
free space between the particles ; or in other words, we have, 
in the first broad survey of the question neglected to consider 
what effects their size etc , would produce. 

Even taking into cosideration the above facts about the 
size, attraction, compressibility etc , of the molecules which are 
bound to bring in, deviations of the laws, still the kinetic theory 
not only accounts satisfactorily foi the obedience to the laws, 
but also for the fact that the deviations from the gas laws are 
the smaller the lower the pressure. Under these circumstances, 
the attraction between the particles becomes negligible owing 
to their distance apart, and the volume of the particles is negli- 
gible in comparison with the total volume. 

It may be seen thus that no actual gas behaves exactly 
according to the simple gas laws, but the deviations in the case 
of hydrogen, helium, nitrogen, and other gases which are 
difficult to liquefy, are very slight at ordinary temperatures 
and pressures. A gas which would follow the gas laws accu- 
rately is termed a perfect or an ideal gas. 

* 

Thus Kinetic Theory expresses the modern views of the 
physicists concerning matter in the gaseous state and serves to 
harmonize and explain the physical laws relatmgto the properties 
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of gases. The following points regarding it are worth remem- 
bering — 

(1) AH gases seem to have the same mechanical structure* 
as they lespond in the same way to changes of energy, such as 
those of temperature and pressure. 

(2) Gases cannot be In any sense -1 a continuous matter, 
but must be extremely porous, as they are always very com- 
pressible, and also tend to expand indefinitely. 

(3) The pressuie that is exerted bj r gases cannot be the 
thrust of a rigid bod}', as that of a spring, and thus under the 
circumstances, almost the only w p.y in which we can imagine 
the application of pressure is by the momentum of the moving 
bodies. Hence we may imagine a gas to be made up of mov- 
ing particles whose aggregate impact is the cause of the pressure 
exerted upon the walls of the containing vessel. 

(4) According to Boyle’s law the volume of a gas is 
reduced to one half when the pressure is doubled This is in 
accord with the pictuie that we have drawn, for in the half 
volume the particles will Strike the walls of the container 
twice as often and thus exert twice the force on the same area 
in a given t'me. 

(5) From the corollary of the law of Charles w e know 
that rise of temperature increases the pressure, which must be 
due in some way to the increase of the kinetic energy of the 
moving particles. This might be brought about by increasing 
either the mass or the speed of the particles, for then the 
kinetic energy is equal to the expression £«ns* in which ,m ' 
represents the mass, and ,s ’ the speed Experiments have 
shown that the mass of a gas is not changed by heat. Hence 
it must be nothing else but the speed of the particles that 
is affected. 

(6) The pressure of all gases increases equally for equal 
rise, in temperature ; so the aggregate energy of the various 
kinds of gas particles must increase to the same degree Now 
it can easily be shown that the masses' of particles of two 
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different kinds of gases are different, flence the speed of the 
particles must be increased -or deceased inversely as the 
square root of their mass, in order that the $ms s mar be 
increased -or decreased- for two different particles, 

(7) All the facts about dtffusion are quite in keeping with 
the idea that the gases are made up of moving particles and 
Graham's law, which states that the rate of diffusion is inversely 
proportional to the square root of the density of a gas, is but 
another way of stating the conclusions of the preceding idea. 

(8) The expansive tendency of gases, causing them to fill 
with uniform concentration, any space within which they may 
be liberated, is due, according to the picture drawn, to the gas 
molecnles being, on the average, far apart relative to their own 
size, and also in rapid motion. Thus as soon as a free space is 
offered to the gas, molecnles already moving 111 that direction 
pass in , and in virtue of the continual movement, the average 
number of molecules per cubic centimetre speedily become the 
same throughout. 

(9) Finally our picture becomes clearer and clearer and 
more harmonious if we assume that, in equal volumes of all 
gases there is the same number of particles. 

Summary of the lunette theory. In conclusion we 
might say that as a picture, which gives a graphic representa- 
tion of the simple conduct of the gases, the kinetic theory 
suggests that : — * 

(1) All gases are made up of small particles (molecules) 

relatively apart and in continual motion. 

(2) Equal volumes of all gases, contain the same number 

of particles (molecules) whose momentum is the 
cause of pressure. 

(3) The kinetic energy of all the particles ( molecules) 

is increased equally by a given rise in temperature, 
the increase being due to the increased speed 
of the particles 
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A. D. Risteen has compared the results of observation 
with the deduction from the kinetic theory. Some of them 
are as follows .— 


Results of the theory. 

Results of observation 

(1) The molecules of a gas are 
all alike 

(1) Gases are homogeneous and 
- show no signs or settling, 
nor can the molecules of 
any farOathr gas in gene- 
ral be separated, by diffu- 
sion into different mole- 
cules (A special case 
-dissociation- is different) 
Gases have also many 
physical properties m 
common 


(2) Molecules are at relatively 
great distances apart and 
tn constant motion in 
straight lines. 


(2) 1 ho compressibility, pci mea- 
bilit} and diffusivity ot 
gases is very great The 
incompressibility of gases 
at high pressures is suppos- 
ed to be due to the abnor- 
mal crowding of the mole- 
cules 


(jl In a gnen mass of molecu- 
les, the product rv is pro- 
portional to the average 
kinectic energy per molc- 
‘ cole 


(3) In a gnen mass of a gas the 
product ps is proportional 
to the absolute tempera- 
ture, fix This includes 
the Ians of Boyle, Dalton 
and Charles. 


(4) Diffusion 

(5) The average kinetic energ> 

is constant for ever, set of 
molecules in a mixture of 
gases 

(6) If two sets of molecules have 

the same kinetic enorg) 
and the same pressure 
they contain the same 
number of molecules per 
unit volume 


(4) Graham's law 

(5) So far as we can tell, the 

temperature of each con- 
stituent of a mixture of 
gases is the same 

Ifi) A cogs tiro’s hypothesis, and 
the law of (la; I.ussit 






CHAPTER. X. 


The Three States of Matter. 


Every substance can be made to exist in any of the three 
physical states, solid, liquid and gaseous, of itself. The indivi- 
dual physical state depends upon the temperature and pressure 
to which the substance is subjected These three different 
states aie mutually interconvertible without any residue. 

I. Relation between Liquids and Gases. 

(a) Evaporation. When a liquid like water is kept in 
an open vessel exposed to air. ne find that it gradually disap- 
pears or rather gradually passes into the air, and this process is 
called evaporation. ( e = out, and vapor = vaponr ). There 
is no definite temperature at which a liquid passes into 
vapour or gas. It does so at all tempeiatures. If the liquid is 
kept in a partially filled closed vessel then the liquid does 
evaporate, but this goes on till the emptv space gets saturated 
with the vapour of the liquid. (Speed of particles escaping and 
entering equalises If thb temperature is increased then the 
speed increases, and thus the amount of vapour also increases.) 

(b) Vapour pressure. When a liquid is evaporating it 
gives use to new particles -vapoui of the liquid- which are all 
flying about and as thev are gas particles they exert a pressure 
on the liquid and on the vessel as well This pressure due to 
the vapour 1S called the pressure of the vapour or better 
•Vapour Pressure’ and is gene.allv restricted to TZ 

STri*?' ^ ref8renCe iS ° nly t0 be meant for water ™pom 

TT! 0150 b> ' <•"»» t • « ) Relatiw 

Humidity or (0) Aqueous Tension. 

( < ) Relative humidity means the quantitv of watei 
oom P are ^ "»Ui the quantity that wouM be pre«nt 
>f saturation takesplace at the same temperature 
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($) Aqueous tension The .amount of vapour present 
can be expressed also by other method, and that is from the 
pressure it exerts on the surroundings And from this vapour 
pressure may be defined as “ The pressure upon its surfhee 
(water) due to its own vapour” 

This formation of vapour brings about an accidental in- 
accuracy in the calculation of the gas volumes collected over 
water ; because if gases are collected over water then some 
water must change into vapour This vapour then occupies the 
gas-holding space together with the prepared gas Hence if 
the volume of the gas is to be measured accurately then the 
space occupied by the vapours of water must be subtracted 
from the gas volume. This can be calculated from the law of 
partial pressure. Thus 

Suppose at temperature 20°C the vapour pressure i « VP 
is 1 7 4 mm and the total pressure of the air is 760 mm then 
17*4 and 742-6 (760 — 17-4 = 742 6) will be the vapoui 
pressure and air pressure respectively. Therefore the total 

* 17 4 

volume of water in the air is according to the ratio j~ of the 

total volume Now if this a olume is taken foi the sake of 
argument, say 1,000 c. c then the total amount of water vapour 

17 4 

in these 1,000 c. c. will be ^ ’ x 1,000 = 22 189 c c. 

But instead of deducting the volume like the above, 
it is more convenient to deduct the whole vapour pressure 
from the air pressure if the gas is to be reduced to N.T P , be - 
cause the idea is to get nd of any accidental conditions and 
hence the formula for leduction of a gas volume to N.T P be- 
comes • — 

' „ V x (P - ■< ) x 273 

V “ 760'irt; t 

Examples 

(!) 79*3 c. c. of air are measured over water at r i°C. and 
753 mm. What would be the volume dry at N.T P.? The 
' vapour pressure, of water at n°C is 10 mm 
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The pressure of dry air therefore at i i°C is 
753 mm. — ic mm. - 743 mm 
\ The actual volume is . — 


743 x 273 X 79'3 
760 X (273 + n) 


74*5 c c. 


(2) 170 c. c of a gas 'are measured over -water at i5 c C and 

720 mm. What will be the volume dry at N.T.P.? The 
vapour pressure at i5°C is 127 mm (150 c. c.) 

(3) 27-3 c. c of oxygen are measured in a dry eudiometer 
over mercury at 0°C and 367 mm. The gas was transferred to 
a vessel standing over water and the water was brought to the 
same level inside and outside the vessel What volume would 
the gas occupy at 27°C and 760 mm.? V P at 27°C = 26*5 mm. 


(■150 c. c.) 


DENSITY OP GASES. 

By the density or absolute density of a substance is meant 
the number of units of mass of the substance which occupy unit 
space The standards for mass and space are a gram and a 
cubic centimeter, and thus the density of any substance 
is the number of grams of that substance which occupy 
one cubic centimeter. We already knory that substances 
-solids or liquids or gases- are all affected by the change of 
temperature and their volumes change for the same quantity or 
the numer of grams. Thus the density of one and the same 
substance would be different at different temperatures, and this 
is very marked one in the case of gases 

In the cases of solids and liquids the changes involved in 
the volumes by alterations of temperature vary very widely and 
that too in a very irregular manner. But for the gases we have 
already seen (cf Boyle's law and Charles’s law) that the amount 
of expansion or contraction produced by raising or lowering of 
the temperatures is practically the same for all of them through 
the same alterations. 
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Hence it follows that the relative density of a solid or a 
liquid may vary with the temperature or pressure, since the 
effect of change m these factors upon the volume of a s ubstance 
and upon that of the standard chosen may not be the same. 
The relative density of a gas is, however, constant, since 
changes in these factors affect all gases alike. 

The relative densities of gases are of rather great impor- 
tance in chemical theory. The standard chosen in these 
measurements is not “1 o. o. of water at 4°C ”, but is alto- 
gether a different one and it is a gas . Sometimes it is air and 
more often it is hydrogen as it is the lightest of all known 
gases. 

The weight of r c c of hydrogen at standard conditions of 
temperature and pressure i c. N.T.P is 0*0000899, and fhaf of 
oxygen is 000.143. Similarly other gases give also very 
inconveniently small numbers, for the relative densities of gases 
if these were uniformly compared w ith water at 4°C as standard 
So for this and other reasons the densities of gases are expressed 
in other units than those of solids and liquids as seen above. 
An important distinction between this standard and that 
adopted for the comparison of relative densities of liquids and 
solids is that it is not the standard at any particular tem- 
perature and pressure for leasons already referred to. It is 
not therefore at all necessary to compare the relative densities 
of other gases with the density of h\ drogen under any parti- 
cular conditions of temperature and pressure, but it is sufficient 
to have them only under the same conditions. Thus * 

Th e specific gravity or relative density of a gas or vapour 
is the ratio of its mass to the mass of an equal volume of hydro, 
gen measured at the same temperature and pressure 

The relative density of a gas is commonly termed 
density of the gas and the relative density of the vapour of 
any substance, the vapour density of the substance. 

One gram of hydrogen under standard conditions measures 
11-1636 litres This volume is a convenient volume for 
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measuring densities and using this unit, the densities are ex- 
pressed by the same numbers as the relative densities or specific 
gravities, but often times this one gram is found to be too large 
a mass for convenience and thus the practice now adopted is : 

The litre is taken as the unit of volume and the mass of a 
litre of normal hydrogen called a crith = 0*896 grams is taken 
as the unit mass. Thus * 

The density of a gas is the numbei of criths contained in 
one litre of it at 0 J C and 760 mm. , or the number of times 
it is heavier than an equal volume of hydrogen. 

(a) In case the density of a gas is expressed as compared 
to air, then to find the density referred to hydiogen, multiply 
the given number by 14*436 ( density of air referred to 
hydrogen ) and you get the density referred to hydrogen. 

Thus sulphur dioxide is 2*22 times heavier than air, what 
is its density referred to hydrogen ’ 

2*22x14436=32*04 the density of sulphur dioxide as 
referred to hydrogen 

(b) To find the mass of a litre of gas the density of which 
refeired to air is given, multiply the mass in grams of a litre 
of air by 1*293 

Thus carbon dioxide is 1*529 times as heavy as air, what 
does one litre of it weigh ’ 

1*529 x x 293 — i *977 gram, 

(c) To find the density referred to air from that referred 
to hydrogen, multiply the density of hydrogen .referred to 
.ur by 0 06926 

How many limes is nitric oxide (NQ = 30 ) heavier than 
aii ‘ The density referred to hydrogen is 15. , 

0 06926 x 15 = 1*0389 density referred to air. 

Examples . 

( 1 ) Given that one gram of hydrogen occupies ii*i 
litres, and that 526 cubic centimetres of air wigh 0*6786 grams 



102 CHEMICAL THEORY AND ARITHMETIC. [CHAP. 

Calculate the specific gravity of air in terms of the hydrogen 
standard. .( I4 . 35 ) 

(2) The fcalculated relative density of chlorine ( H= t ) is 

35*23 What is the relative density of the gas referred to 
hydrogen? , ..(2-216) 

(3) Wat is the relative density of hydrogen chloride 

(mol. wt =3647) referred to hydr'ogen, air, oxygen and 
chlorine ? „ [ 

1805 (H = i), 1-259 (air=i), 1 139 (O-i), 0514(01 = 1).] 

(4) A gas with the relative density 15 ( 0 = 1) was 

leduced from the standard conditions to 2 o"C and 740 mm. 
pressure, so that it might have a volume measuring 6172 3 c c 
What is the weight of this volume of the gas 3 (12 grams ) 

(5) Given that the absolute density o{ air is o 001293 

gram per centimetre, and that the relative density of carbon 
dioxide referred to air as standard is 1 529 Calculate the 
volume in litres which would be occupied by 100 grams of 
carbon dioxide. (50 59 litres). 

(6) The specific gravity of coal gas is about 0 5 referred 

to air as unity, and air is 14 435 times heavier than hydrogen. 
Calculate from those data the weight of coal gas at io°C and 
£30 mm pressure, required to fill a baloon haring a capacity 
of 800 Cu m . (347 96 kilograms). 

(7) 41 6 c c of hydrogen satuiated with moisture were 
confined in a glass tube over mercury at a temperature of i6°C. 
The distance from the closed end of the tube to the surface 
of the mercury inside the tube was 386 mm and to the surface 
of the mercury outside the tube 491 mm Given that the 
atmospheric pressure was 740 mm of meicury. Calculate the 
volume of dry hydrogen under standard conditions 

Vapour pressure of water at i6°C= 13-5 mm . (32 1 c c .) 

(8) 10 grams of a gas, meaured at — 48°C and 600 mm. 
pressure, were expanded by heating to 1 77°C and reducing the 
pressure to 480 mm Of the rarefied gas 250 c c, weighed 0.5 
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gram. What was the original volume of the gas, and what 
was the density ot the gas at its original .mi final volume ? 

... (Original density = 5 ; Final density =2). 


Boiling Point. When heat is impaited to a liquid, 
some of the heat energy goes to raise Hie temperature and 
some to change the liquid into vapour (latent heat of vaporiza- 
* tion). This vapour standing over the liquid imparts a certain 
pressure on the atmosphere above, which in turn tries to push 
it down But when heating is continued to the extent 
of equalizing the atmospheric pressuie, then all the heat 
energy goes to change the liquid into its vaporn, and the tem- 
perature remains constant This temperature for that pressure 
is called the ‘ boiling boint ’ of that liquid, and may be 
defined as the temperature -where the vapour pressure 
is equal to, or better just overcomes the pressure of the 
atmosphere above it 


The boiling point is usually indicated by tlie nse of bubbles 
in the liquid and this is an accurate test. Because suppose a 
bubble of water is formed at * A ’ fig 7. 


5 . 


The pressure upon the 
bubble will be 760 mm. plus 
that of the water layers In 
order that the bubble may' 
survive, the vapour pressure 
must exceed the opposing 
Fig. 7 pressure A bubble while 

forming at 50°C m * B when travelling up will collapse 
on account of the vapour pressure (the gas bubble) being insuffi- 
cient to overcome the pressure of the layers of water and the 
atmospheric pressure , and also on account of the contraction 
due to the lower temperature of the upper layers But at 1 C ' , 

at ioo°C the vapour pressure of the bubble exceeds the exter- 
nal pressure. It is not cooled a3 it rises but increases in size as 
the pressure diminishes and finally escapes from the surface. 


TCOvm. 
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Critical Temperature • At high temperatures gases 
may be subjected to the greatest possible pressure, and still 
( though Boyle's law requires ) they will not contract enough 
and pass into the liquid state. As for instance suppose we 
take a small, stout sealed glass tube nearly full of liquid 
water. If this is gradually heated to a temperature between 
350°C and 400°C, the surface of the liquid watei will grow 
more and more indistinct and will ultimately vanish, complete 
vapourization having apparently occurred. But on slowly 
cooling, a mist suddenly appears about tbe middle of what has 
looked like an empty tube. This rapidly spreads and then 
suddenly a quantity of liquid water (vanished) becomes visible 
in the lower part of the tube. 

Here it is quite apparent that the pressure m the tube 
when heated, by Charles's law, must bB very high and the above 
behaviour of water -going into yapour- shows that no pressure 
however great is able to retain water in the liquid ( state ) 
form above a certain temperature and this temperature is aptly 
called the ' Critical temperature or * Critical point ’ 

Thus Critical temperature is that limit of temperature 
for a gas (different gases have these limits quite different) 
below which the gas mnst be cooled before it can be liquefied 
by subjecting it to any pressure, however great 

The behaviour of critical phenomenon is common to all 
the gases- or liquids The pressure required to cause liquefac- 
tion at the critical temperature is called the “Critical 
Pressure” The critical pressure is not generally more than 
sixty atmospheres, and if hundred atmospheres pressure does 
not liquefy a gas, then it is useless to increase the pressure, a 
lowei temperature being the necessary condition. 

II. Relation between Solids and Liquids 

The majority of liquids when they are cooled sufiiciently 
then reach a temperature at which a sudden change begins, .and 
the liquid-generally freezes to a mass of, crystals and tbe tem- 
perature remains constant Some liquids,, such as waves, glass 
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and glue have no definite points of solidification, but get more 
and more viscid, and ultimately assume a hard mass of appa- 
rently solid condition. 

When substances assume solid condition from the liquid 
state, then all the substances necessarily do not have well 
formed particles, but some solidify into particles -grains- with- 
out any regularity or order and thus present no definite external 
shape or form Thus we have solids of two kinds : (r) Crys- 
talline (Kiyos - frost), and (2) AmorpliOTiS (a ■* not; 
morphe = form), or non-crystalline. 

Crystalline substances have a definite point of solidification, 
while the non-crystalline otherwise called amorphous have as a 
rule no definite point of solidification. 

Melting 1 point. When a crystalline solid is slowly heat- 
ed the temperature rises to a certain definite point. Further 
application of heat does not raise the temperature, but 
the solid changes its state and becomes liquefied The 
energy applied now completely being spent in change of 
condition, solid to liquid and this point of temperature is called 
the melting point of the solid , of course the pressure here is 
taken for granted to be remaining throughout constant. 

Freezing point : When a liquid is slowly cooled down, 
then the converse of the above one ought to take place, but 
sometimes it does not, and so a liquid does not necessarily 
crystallize at its melting point, but may be nndercooled. 

‘ Freezing-point ” is therefore a temperature at which both the 
solid and the liquid may remain unchanged in contact with 
each other. 

If the undercooled solution is either disturbed or a crystal 
o t e substance is thrown in, then the liquid suddenly changes 
its liquid state into the solid one, without any quantity whatso- 
ever of the liquid remaining behind unchanged. Such point 
-of temperature- where a liquid solidifies is called its point of 

* solidification.' 

In solidification heat is given out and in both the cases the 

~- er ?y 0 PP0ses the physical change taking place. 

*4 
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Vapour pressure of sohds. Many solids give off 
vapour at ordinary temperatures just as liquids do.' This is 
evident from the odour of things like camphor or naphthalene 
or musk etc. When such solids are heated (slowly) the vapour 
pressure increases in value and when it increases to the point, 
where it exceeds the pressure of the atmosphere, then the solid 
passes directly into a gas without melting or getting into liquid 
state and then boiling. When the vapours of such substances 
are again cooled down they directly pass into the solid form 
without the intermediate liquid state. The process of convert- 
ing a solid directly into its vapour without the intermediate 
liquid state and cooling the vapour into a solid state again is 
called “Sublimation." and the collected solid is called the 
* Sublimate.’ 


> Crystallography. 

Crystals . From what has been discussed so far, we 
can gathei that substances assume solid form -according 
to their individual nature- and are either crystalline or 
non-crystalhne i c amorphous. Similarly we have seen that 
these solids, especially crystals, can be had eithei from — 

(a) Liquids freezing into solids. 

(b) Vapours condensing z. e. either by sublimation or 

otherwise. 

(c) Solutions of the solids. 

When a fluid freezes (or solution throws out a solid) 
to a solid it usually changes into a mass of solid bodies 
eaoh of which has a definite (having fixed limits, bounded 
with precision) geometrical form, then these axe called 
crystals. These crystals are bounded by plane surfaces which 
are arranged in an orderly fashion with reference to imaginary 
lines drawn through the crystals, called the axes. 

Thus every crystal has a definite geometrical form and the 
variety of crystals may be endless. Still they may be classed 
into one of the six systems arranged with reference to the an- 
gles which the axes subtend at their point of intersection. 
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Thus : — 

Crystals 

(axes) 

I 

All at right angles. Some inclined. 


Isometric, Tetragonal Orthorhombic, 
regular, 
cubic. 

Monoclinic Triclinic. Hexagonal 



Fig 8 


(i) Isometric or Regular or Cubic 
( iso = equal, metron = measure ) system 
is one which has three equal axes, and 
these all are at right angles to each other. 



✓ 
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Fig 9 


(2) Tetragonal (tetra=four; 
gonia= angles, or having four sides ) 
is that system in which all the axes 
though at right angles still two of 
them are equal and the third is of a 
different length than the other two 



(3) Orthorhombic ( Ortho ^strai- 
ght, simple; and rhombus = quadrilateral.) 
system is one in which though the angles 
of intersection between the axes are all 
right angles still the sides are all unequal. 


Fig 10 




ioS 


CHEMICAL THEORY AND ARITHMETIC. [ CHAP. 



Fig 11 


(4) Mono dime ( Monos = single , 
clmo=to band.) is a class which has two 
axes at right angles, and a third at right 
angles to one and inclined to the other. 
The length of the axes is any and the 
inclination of the angles varying from 
o° to 90°. 



Fig. 12 


(5) Triclimc or Asymmetrica l system 
has all the three axes inclined to each other, 
and the angles and the lengths of axes all 
varying. 



I 

I 

1 


(6) Hexagonal system has three 
equal axes in the same plane intersecting 
at an angle of 6o° and the fourth one at 
right angles to all these. ' 

Fig 13 

Crystals are also arranged according to their hardness and 
tills hardness is classified into ten varieties 

, Scale of hardness of minerals. 

x Talc. 6. Orthoclase. 

2. Selenite. 7 Quartz 

3. Calcite. 8. Topaz 

4. Fluor spar. 9. Corundum. 

5. Apatite 10. Diamond. 

Talc is the softest and diamond is the hardest variety of 
the above, and these different grades are called “ Degrees of ^ 

Hardness.” ‘ 

Behaviour of the crystals. All crystalline substances j 

do not show the same fixity of form and good many of them ; ? 
change their normal state, of course due to extraneous - 1. 
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conditions. Thus crystals may become moist like those of crude 
common salt, or'crumble down to powder like those of washing 
soda or glauber salt This phenomenon is due to the difference 
in the amount of moisture 1 e relative humidity in the air. If 
the water 7. e. water vapour pressure in the atmosphere is 
greater than is required for mutual equilibrium ( 1. e. between 
the water rapour of the crystals and that of the 
atmosphere ) the salt will keep on absorbing moisture, and if 
less, will keep on giving out the required quantity till equQi- 
brium is established. When the crystals absorb moisture and 
become moist then this is called “ Deliquescence ” ( de and 
liquesco=melt ), and when the crystals give out water from 
their bodies, and crumble to powder or atleast become opaque 
then it is called “ Efflorescence ” ( ef for ev, and floresco 
from ftoreo=to blossom ). 

From the above behaviour of crystals we might be led to 
think that all crystalline substances contain water but it is not 
so always. The majority of minerals e. g. diamond, quartz, are 
crystalline without any water. Similarly common salt is a 
body that requires no water for the building up of the crystalline 
structure. Thus crystals may be formed with water and 
without water . 


Crystal formed. 


vith 


with water. 


without water. 


r 


Water actually 
necessary for the 
building up of the 
crystal form 


Water got pent up mechanically 
during the formation of big crys- 
tals by overlapping, of small 
crystals 

The water that is necessary for the building up of the cry- 
stal is called the" water of crystallization”, and as here 

of tLV«nhct^ni n «?° n 0f water moleonIes ^th the molecules 
of the substance the same water of crystallization can be styled 

as water of hydration” as the above substance is a 
hydrate. 
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The crystals when formed are formed with a fixed number 
of molecules of water of crystallization e. g. in copper sulphate 
there are five molecules of water i.e CuSOi 5H2O. Xow if 
the crystalline copper sulphate is heated, we except to drive 
away all the water and get only copper sulphate GnSOz. 
Bnt what really happens is that upto ioo" - 1 10 s onlv four 
molecules of water are lost and the fifth one persists in holding 
on to the copper salt, and if stronger means 1 c. higher tempera- 
ture say 2io e C, is applied then the fifth molecule of water doss 
go away , but at the same time brings about the decomposition 
of the copper sulphate ; and as this decomposition makes copper 
sulphate lose its original constitution, this water is apprcpriaielv 
called “ water of constitution-" Thus: 


Hydrates. 

(Substance -r water.) 

I 


Same substances 
(but new form) 

CuSO-t-f 5H2O -CUSO4.5H2O 

ZnS04+7Ha0 — -ZnSO-i.yHsO 
BaCIa-i-2H20 — >BaCl2.2H20. 



x- I 

Aew substances. 

CaO-HaO — *Ca«OH 2. 
SOs^HaO — ‘H zSOa 


on heating 

Ca(OH;.— CaO+H ! ; 0. 
H.SO, -*SO a -t-H-'o. 


CuSOt.H5O.4H_O. CuS 0 ,.H, 0 . 


ZnSOfHjO 6H-0. ZnSO, H-O. 

I ( water of constitution ) 

BaCl-.zHjO. 

I water of crystallization ) 


( combined water ) 
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Thus we may have : — 

(1) Water of hydration. 

(2) Water of crystallization or combined water. 

(3) Water of constitution. 

(1) Water (molecules of) that makes a substance assume a 
definite crystalline form is called the wateT of crystallization. 
When the water is removed the crystal usually crumbles to 
original power or amorphous condition (as all crystals contain- 
ing water of crystallization necessarily do not have the water of 
constitution). 

(2) Water (molecules of) that, so to say forms a part and 
parcel of the molecules of compounds, makes the nature- 
-chemical- of the compounds change, when this is removed 
from them, is called "water of constitution. ’’ This may 
be of two types . — 

(i) When water is added to burnt lime CaO, a new com- 
pound the hydroxide Ca(0H)2 is formed. Here 
the addition of water has produced an essentially 
different compound. If this hydroxide is again 
heated we again find that the hydroxide i. e a base 
changes into an oxide, a compound of a different 
type altogether. 

(11) When copper sulphate (or similar crystals) is heated 
between 100 C to uo°C then it loses only four 
molecules of water out of five and its formula forthe 
remaining compound may be written as CUSO4.H2O 
(CuSQ^HzO — » CUSO4.H2O 4- 4H2O). To 
drive away the last molecule of water a much higher 
temperature is needed, in fact a temperature of 
about 2io°C. But at this temperature the salt it- 
self begins to undergo decomposition, and che- 
mists have agreed to call this water which is thus 
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more closely bound to the salt , "water of constitu- 
tion, whilst the other portion which is usually 
driven off at ioo 9 C is called water of crystallization 

(3) When water as such is simply taken up and forms an 
additive product (and not substitution) like the water of 
crysallization or of constitution, m both these cases the water 
is called, water of hydration, as an hydrate is a substance 
formed by the combination of water molecules with a 
substance e g. 

(1) ^Chlorine hydrate CI2.H2O, CI2.8H2O. 

(2) Calcium hj'drate Ca(OH)2 1 e. CaO.HaO. 

(3) Hydrated copper sulphate CUSO4.5H2O. 

Decrepitation. Some crystals during their formation t e. 
substances crystallizing from water, may retain varying 
amounts of water simpl}' enclosed mechanically in the crystals 
When such crystals are heated, the water is changed into steam 
and the crystal is thereby torn apart often with a crackling 
sound. This behaviour of the crystals is called * Decrepita- 
tion’ e. g.NaCl. 

As there are only few systems of crystals and a large 
number of substances that crystallize, we come across different 
substances assuming the same crystalline form. Similarly some 
substances solidify or aquire according to circumstances different 
kinds of crystalline forms. Thus substances may be : — 

(1) Dimorphous (di= two, morphe= form). - 

(2) Polymorphous ( polys «= many ; morphe = form ) 

(3) Isomorphous ( iso = like ; morphe = form ). 

(x) When one substance has two crystalline forms 
it is said to be dimorphous e. g. carbon ( diamond and 
graphite ). Surphur { monoclinic and rhombic ) and this be- 
haviour is known as dimorphous ( Dimorphism ). 

(2) When one substance has more than two cry- 
stalline forms then it is said to be polymorphous e. g. 
phosphorus (white, scarlet, black). Arsenic { yellow, black 
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and gray). And this behaviour is known as polymorphous 
(Polymorphism). 

(3) When different substances assume the same 
crystalline form L e, they belong to the same system 
of crystals they are said to be isomorphous e. g zinc 
and nickel sulphates. And this behaviour is called isomor- 
phous (Isomorphism) 

N. B. Note the distinction between polymerism and 
polymorphism and also between isomerism and isomorphism. 



CHAPTER XI 


Solutions. 


— •S=D=St— 

During the discussion on the nature of substances we ha\e 
already seen that there is a class of bodies which cannot be 
definitely put down either as compounds on as mixtures This 
class we styled as solutions (se — apart, and luo = to loosen} 
and defined it as follows : — ' 

A solution is a body of homogeneous character, the compo- 
sition of which can be continuously varied within certain limits 

Solutions can be of nine types in all, as we have three 
states of matter - solid, liquid and gaseous 

I. Solutions of gases in gases 

When two gases are brought together they mix up quite 
freely and such a mixture of gases we rarely think as a solution, 
but it confirms wifh all the conditions of solutions Here the 
properties are of a very simple character 

All gases mix freely in all proportions provided the}- have 
no chemical effect on each other , and if the volumes and 
pressures are equal before they are mixed with each other, then 
they will have double the volume (sum of the two volumes) for 
the mixture if the pressure on the mixture is to be the same as 
beiore ». e. if the pressure is constant Now from the - * Law 
of Partial Pressure’ it can be very easily seen that of this 
whole pressure, one half will he due to each of it, if it alone 
existed in the new double volume. Hence when dealing with 
a solution of gases we may assign to bach its fraction of the 
total pressure, which will be the same as if the other gases 
ware removed. This fraction of this pressure as we already 
know is to be called the ‘partial pressure of the gas.’ 



XI.] 


SOLLTIOSS 


JI 5 


Since there is no expansion or contraction 'when gases are 
mixed, the density of a mixture can be calculated from the 
densities and percentages of the constituent gases. 


II. Solutions of gases in liquids 

The gases as a class are soluble in liquids and they fall into 
two heads.— 


(a) Highly soluble gases. 

(b) Veiy little soluble gases 

The solubility is generally expressed in terms of one— or 
hundred— volumes of the solvent to the volumes of the solute 
i c here the gas 


The solubility of different gases is different as said above, 
and depends upon the following four factors 

(1) Specific properties of the gases. 

(2) Specific properties of the solvent. 

(3) Pressure put upon the system- gas and the solvent 

(4) Temperature. Here the solubility should be inver- 

sely proportional to the temperature as per 
Charles's law, but it is not exactly proportional. It 

has to be determined. 


„ — -j .mu me; uu nui uuey nenry s 

law, because the specific properties play an important part, as 

ftese make the gases go out of the pail of being the solute and 
form compounds of different types. There is always a change in 
the volume and the density also, and solutions of this kind as a 
rule acquire quite different properties from those that of the 
either constituents, in addition to the existing ones. This be- 
haviour can be explained by assuming that the gases fom 
chemical comb, nations with the solvent. Thus: the gases 
mnmoma NH3 or sulphur dioxide SOa when passed into water 

first form the solutions of ammonia or sulphur dioxide and 
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then the gases while m solution form the compounds 
ammonium hydroxide NH4OH, and sulphurous acid H2SO3. 
When these gas molecules are taken away from their solution 
condition to form the compounds naturally there is more 
room for the gas and thus more goes m solution than is 
required by the law of Henry. 

NH3 4 - XH2O — » solution 'of NH3 — =■ NH4OH 

SOz 4- XH2O — » „ „ SO2 — » H2S03- 

Solubility of mixed gases 

When a mixture of several gases is maintained over a 
liquid each of the gases of the mixture dissolves quite inde- 
pendently of the pressure of the other and the solubility 
of the dissolving gas is in accordance with its own partial 
pressure (cf. Dalton’s Law of Partial Pressure). As for example 
when air is enclosed over water at 760 mm. then 1/5 of this 
pressure, namely 152 mm., is due to oxygen, and 4/5 or 608 mm. 
is due to nitrogen According to the Law of Partial Pressure 
the quantity of oxygen dissolving in water exposed to air will 
be the same as if water were confined in a space containing only 
oxygen at a pressure of 152 mm. Similarly when a solution 
of a gas other than nittogen or oxygen is exposed to the open 
air the gas will in general escape, for there is no opposing partial 
' pressure to keep it in solution (cf. corollary of Henry’s law). 

From the above it follows that if one gas is bubbled 
through a solution of the other, then the originally dissolved 
gas must disappear and hence when a solution is boiled we get 
rid of the dissolved gas. 

constant boiling solutions : If the vapour pressure of 
a highly soluble gas and the vapour pressure of water 
with their ratios by weight of the gas to the steam, in the at- 
mosphere over the solution, come to be the same, as the ratio 
of the dissolved gas to the water in solution, then the partial 
pressure will be steadily maintained and therefore the solution 
wll boil without any change in the concentration, e. g. Hydro- 
chloric add gas and water. 
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III. Solutions of liquids in liquids. 

Gases we have seen are freely miscible into one another. 
The liquids are fluids like the gases, and we expect that on 
account of the mobile nature of that state the different liquids 
also should freely mix. But it has on the contrary been found 
that some liquids do not mix at all, while others do so to a 
little extent only. Thus we have liquids which are : — 

(a) freely miscible 1. e. completely soluble, e. g. glycerine 

and water, or alcohol and water. 

(b) partially soluble, e. g. ether and water. 

(c) not soluble at all. e. g. chloroform and water, oil and 

water etc. 

When the solutions of these liquids are tested, then it is 
found that : — 


(i) qualities are retamed in solution e. g. alcohol 

and water. 

(ii) qualities (new) are acquired along with the old 

ones. e. g. acids and water. 

Propertied of liquid solutions : 

(1) Vapour Pressure : Each liquid before mixing has its 
oun vapour pressure at the particular temperature. But after 
mixing each liquid gets its vapour pressure diminished by the 
other so that the vapour pressure of the solution is never equal 
to the sum total of the two liquids. It is greater or less than 
either of the vapour pressures of the liquids taken separately or 
it may have an intermediate value. It also depends upon the 
relative concentration of the liquids. 

In any case the vapour from the solution will be a mixture 
of that of each liquid, provided that each liquid has a sensible 
vapour pressure. 


W Bolling Point. On heating a mixture of liquids the 
total vapour pressure increases and the boiling point is reached 
when the pressure of the combined vapours equals the at- 
mospheric pressure. We can have no idea as to the boiling 


/ 
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point of the solution from the boiling points of the liquids 
, It may be higher or lower than that of the either constituents 
Usually it is of an intermediate value. The composition of 
the liquids will vary during boiling according to the amount of 
the vapour pressure decreased and hence the boiling point 
will not be a steady one but ■■will remain moving on steadily. 
A solution therefore as a rule has no constant boiling point 

(3) Fractional Distillation As we have seen above, 
that liquids (solutions of liquids) have no constant boiling 
points, the amount of the vapour given out will depend upon 
the amount of the vapour pressure of the liquid ( particular ) 
and thus one liquid may leave the boiling solution more m 
quantity than its companion, and thus it may be possible to 
get the two mKed liquids separated This process is called 
fractional distillation, as the liquids are collected in small 
portions by distilling the nurture. 

(4) Constant Boiling Solutions It occasionally 
happens that there is one particular concentration of a 
solution, which has a lower vapour pressure (higher boiling 
point ) than an}' other concentration or than that of the either 
constituent taken separately. When such a solution is dis- 
tilled, one or the other constituent vapourizes first, the con- 
centration tending towards that of the lowest vapour pressure. 
When this concentration is reached, the solution boils with a 
steady 1 t. constant boiling point as if it were a pure substance, 
and the distillate has the composition as the solution remaining 
ih the still. Such a constant boiling solution cannot be 
altered in its concentration 1 e. proportions of the constituent 
liquids, by repeated distillations e. g jntric acid and water. 


IV. Solutions of solids m liquids 

We have already seen that we come accross two types 
of solutions: (1) Simple or true, (a) Chemical or apparent 
When, a solution of a solid dissolved in a liquid, leaves the 
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solute in its original chemical condition then it is a true solu- 
tion ; but when zinc { metallic ) is dissaved by sulphuric acid, 
then it is not a true solution as we do not get back zinc in its 
original metallic condition. 


Solubility of solids in liquids is governed by the same 
conditions as the solubility of gases m liquids, t. c on the ‘ — 

/ * 

(1) Specific properties of the solids. 

(2) Specific properties of the solvents. 

(3) Pressure. 

{4) Temperature. Here it varies as the temperature 
and is usually higher and higher as the temperature 
uses, except in the case of the calcium salts. 


Saturated solution , When a quantity of a solvent 
jannoL any more dissolve the solute at that temperature then 
such a solution is called a saturated solution. 

/ 

Supersaturated solution : Often times when during the 
cooling of a solution the solute -solid— is kept away and 
not allowed to be in it, then often the excess of the solute 
feals to crystallize out of the solution. The solution will 
contain then more quantity of the solid -solute- than is 
necessary for the saturation concentration, and this is called 
then a * supersaturated ’ solution. Such a solution which 
is having Imver temperature than the normal one for that 
concentration, is also called the supercooled solution. 
This case occurs in the case of very soluble solids 
containing much water of crystallization e. g. sodium 
sulphate NazSCHioHzO; sodium thiosulphate (hypo) 
Na2S203.sH20, Ferric nitrate Fe(N0 3 ) 3 . 9 H20 ; Potassium 
alum KaA.l2(o04)4 24H2O or in general where the solution 
becomes syrupy. 

At the least disturbance, either by shaking or by throwing 
a ciystal of the solute, the excess crystallizes out, as the 
saturation is the equilibrium state. * 
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Effect of temperature on the solubility • As already 
mentioned the solubility in general increases with the rise of 
temperature. In a few cases like calcium salts the solubility 
.decreases at the rise of temperature 

Regularities observed in solutions 

A study of the physical qualities of a solution has 
brought to light certain regularities in the behaviour of the 
solutions provided they are (i) dilute and ( 2 ) are not 
of electrolytes . These are • — 

(1) Lowering of the vapour pressure . 

It is found that the vapour pressure is lower than that of 
the solvent, and this lowering has been found out to be depend- 
ing upon the molecular weights of the solute , and equivalent 
or equimolecular weights have the same effect. 

As a corollary'of the above state of vapour pressure we 
notice the change in the freezing point and the boiling point of 
the solution. Thus : — 

(2) Lowering of the Breezing point of the solutions 

It was noticed that a salt solution does not freeze exactly 
atO°C but the point is lower than 0°C. It is now well- 
known that equimolecular weights (in dilute solutions) lower 
the freezing point of the solution to the same limits. 

(3) Elevation of the boiling point of the solution. 

As the vapour pressure is lowered naturally the boiling 
point has to rise to allow sufficient quantity of the vapour to be 
gathered So as to overcome the pressure from above (the liquid). 
This is only possible if more heat is applied. 

(4) The osmotic pressure changes 

Osmotio Pressure 

It is but natural that, if two substances come in contact 
with one another then there is bound to be mutual influence 
exerted. If these two substances coming together are solids 
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then we aie not always able to notice the pressure exerted, for 
the simple fact that on account of the strong opposite unyielding 
pressure the two are apparently without any effect. But that 
is not really so can be easily seen if we take a heavy body and 
place it on one which is brittle. What we find in such a case 
is that the brittle body gives way and allows the other body to 
occupy space inside its own volume and thereby increasing in 
volume Similar phenomena occur in other states . liquids and 
gases, especially solids pushing in liquids. In the *case of gases 
they mix freely with each other and we are not able to notice 
the individual force except in the diffusion experiments. While in 
the case of liquids or rather solutions of solids, we notice that if 
two substances are kept in contact then they will try to mix 
with one another. But if these are kept separated by a parti- 
tion which acts like a filter paper and allows one kind of the 
material to pass through, then as one can pass into the other 
while the reverse is not possible, the quantity in one increases 
and naturally the volume gets increased while in the other con- 
trary is the case. Now where the Quantity increases t. e. the 
number of particles increases, it brings about naturally 
extra pressure exerted. This pressure is called the osmotic 
pressure. 


A solute when it dissolves, it distributes itself through the 
solvent, i. e. it tries to diffuse in the whole mass of the solvent 
and while doing so it exerts a certain pressure on the solvent in 
pus mg itself through it This push pressure (osmos — im- 
pulse, or push) is called the « Osmotic Pressure” and can 
be indicated by tho push or the force which it imparts on the 
(parchment) arrangement for registering the force. We as a 
rule rarely notice the existence of any such force or gain am* 
!dea of its magnitude, because it is only when diffusion can be 
pre\ ented that the force becomes apparent. 


Osmotic Pressure Demonstration. 

, n3 wJth a lon S stera fe dosed on the broad side by 

a parchment paper quite tight The vessel so prepared is filled 
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with a concentrated solution of sugar upto the neck of the 
stem. The vessel is then placed in 
a dish as shown (fig. 14 ). The sugar can- 
not pass through the parchment and 
distribute throughout the water in the 
dish but the water can pass and passes 
into the bell. But this brings about an 
increase in the volume of the solution in 
the bell and thus the level of the 
solution in the stem of the bell rises 
Until the force of the osmotic pressure 
is balanced by the hydrostatic pressure of 
the column of th e liquid. 

Pig. 14. 

History Dutrochet m 1736 filled a glass vessel with copper sul- 
phate solution and closed its opening with a tight bladder When im- 
mersed in water the contents of the lessel increased so, that die bladder 
was extended and eventually it burst 

Abbe Nollet in 1750 made a similar expenment using alcohol in- 
stead of copper sulphate solution. 

Pnngsheitn in 1854 no heed that the protoplasmic contents of certain 
vegetable cells contracted when placed in a concentrated salt solution 
With a weaker solution of the salt the contraction is less, and m pure water 
the cell maintains its form This happens so, since expansion is promoted 
,by the ngid outer cell-wall which is pervious to both and the substance in 
solution The protoplasmic contents are enclosed m a membrane which 
has the property of allowing pure water to pass but which is impervious 
to most dissolved substances. 4 " 

By carefully diluting a concentrated solution of a salt and making 
trials for similar cells, a concentration is eventually obtained which just 
causes no change of form m the cell contents A number of solutions of 
different salts may be adjusted in strength so that each is in eqmhbnum 
with similar cells. These solutions are then said to have equal osmotic 
pressure or to be ' isotonic ’ . 

* A very instructive experiment can be performed with ordinary eggs 
and a dilute solution of hydrochloric acid and a concentrated solution of 
calcium cblonde. 
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Tins statement assumes that two solutions isotonic with a third 
one axe isotonic with one another Quantitative experiments of this 
nature were made by de Vnes in 1884-88. He showed for example, that 
solutions of potassium nitrate, potassium chlonde and sodium nitrate are 
isotonic, in die above sense with one another where they bad chemically 
equivalent -or molecular- concentrations 


The nature or the cause of Osmotic Pressure 

The nature or the cause of osmotic pressure has formed a subject of 
considerable discussions and final agreement has not been yet arrived at 
The following are the causes that effect osmosis. 

L Chemical The osmotic pressure is due to the attraction 
between the solute and the solvent. These tending, for instance to form 
hydrates 

1 L Physical. The tendency of a gas to expand so as to fill any 
vessel containing it, may be compared with the expansion tendency of a 
solnte to fill the liquid space at its disposal 

(a) Osmouc pressure is due to the bombardment of the solute mole- 
cules The solvent molecules can pass die diaphragm freely and so pro- 
duce no pressure on it 

(b) The diaphragm is subjected on the outside to the bombardment 
of the pure solvent molecules only and on the inside to that of both the 
solvent and the solnte 

(c) Two vessels of equal volumes are separated by a wall of 
palladium (metal). One is filled with hydrogen and the other with nitrogen 
at the same pressure P The apparatus is heated to 600‘C. Hydrogen 
passes On cooling to the original temperature, there will be a pressure 
of P m one vessel and V/i P in the other The excess may be re- 
garded as th e osmotic pressure 

(d) Combination of the solvent with the solute molecules 

the mobility. The mobility of the pure solvent molecules being gr«t.r 
there will be a flow from outside to inside, and the pressure within the ceL 
will increase , but the mobility of the liquid molecules becomes greater as 
the pressure increases so that when the pressure reaches a certain value, 
the mobility of the molecules inside will become equal to that of the pure 
solvent molecules and the flow will then cease 
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(e) In pure water there is an equilibrium between the associated 
— (H-0)ji- and the simple -H s O~ molecules, and the effect of introdu- 
cing the molecules of the solvent -non-electrolyte- is to cause dissociation 
of the complex water molecules to an extent which is in proportion to the 
amount added. The osmotic pressure is a measure of the extent to which 
the equilibrium is disturbed m the direction — 

(H s O)u » nH.O 

Difficulties in determining the Osmotic Pressure. 

Considerable difficulties are encountered m determining the osmotic 
pressure These are — 

(a) The maximum pressure is only reached after a very long time 

(b) The pressure produced may be very great and so cause 
bursting or breaking of the apparatus A r 7% solution of ammonia could 
give at O'C a pressure of about 224 atmospheres 

(c) No perfect semi-permiable membrane has yet been obtained 
one which is completely impervious to the solute but is pervious to water 

Laws of Osmotic Pressure 

The laws of osmotic pressure are very nearly' similar to 
the laws that are obeyed by the gases. The only thing that 
is here to be imagined is that the intervening spaces between 
the different gas molecules are filled in by the solvent. 
Thus ; — 

(1) The osmotic pressure is proportional to the molecular 
concentration of the solution and does not depend upon the 
character of the solute ( provided it is not an electrolyte ) 

(2) The osmotic pressure is proportional to the absolute 
temperature so that, it exerted by a substance in solution, is 
equal to the gas perssure which it would exert if it were a gas 
occupying the same volume as that of the solvent 

N B. Osmotic pressure plays an important part in the 
physiological processes of plants as many animal and vegetable 
membranes are semi-permiable and allow one thing to pass 
through them and withhold the other 
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Conclusion : From the foregoing descriptions and ex- 
planations, it is quite evident that the three physical con- 
stants -freezing point, boiling point and osmotic pressnre- 
are affboted to an equal degree hy the same molecular 
quantities of the dissolved substances. It is the relative 
number of the molecules and not the quality of the molecules 
that is the governing or the deciding factor in these changes. 

The picture which is presented to us by these changes 
of the physical constants is quite similar to the one of the 
kinetic theory of gases The different kinds of molecules here 
appear themselves to distribute throughout the whole body of 
the solvent much as a gas distributes itself in the space in which 
it is enclosed. The osmotic pressure that these produce is 
quite analogous to the pressure of a gas, and similarly o th 0r 
effects are also dependent merely upon the number of molecules 
that are present in a given volume of the solvent, exactly in the 
same fashion as the effects produced by a gas are dependent 
upon the number of molecules confined in a given space. 
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Acids, bases and salts. 

There nere and there also are, different systems of classifi- 
cation of compounds. In former times the chief points for 
differentiation were the apparent properties of the different 
compounds, and thus sometimes substances which have been 
found now of very widely different constitution had been classed 
into the same groups. Following the same crude method of 
classification, old chemists classed together all substances tast- 
ing sour, like vinegar, and gave them the common name ‘acid* 
(from acetum = vinegar, acidus = sour from ac ■* point). 
The other substances tasting like wood-ashes which are of 
opposite nature to that of the acids, they styled them as ‘baBes’ 
meaning that these are as If the fundamental principles i. e. 
starting substances for the formation of the salts. The com- 
pound which is got by the double decomposition of caustic soda 
and hydrochloric acid is the substance salt -common salt- . 
Hence any substance formed in the similar fashion Is called a 
* salt ’. (Salt indicates the method of formation). 

Putting down the formulaj for different acids and bases 


Acids. 

Eases 

•HC 1 

KOH 

HBr 

NaQH 

‘hi 

Ca(OH)2 

HzS 

Ba(OH)z 

•HNO3 

« Al(OH)3 

HaS04 

Sn<OH)4 

H3PO4 
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we see that these compounds have some elements common fn 
all of them, or better we find that all acids have ‘ hydrogen’ 
common -no matter the varying number- and all bases have 
* hydrogen + oxygen ' common. This hydrogen and oxygen 
together is called ‘Hydroxyl’ from Hydro-gen-oxy-gen-yl 
where * yl ’ is used to denote the adjectival force. 

Thus from the general information we can define an acid 
or a base as : — 


An acid is a compound which contains hydrogen, is sour to 
taste, is corrosive in action on the skin, and changes blue 
litmus to red and keeps red litmus red. 

A base is a compound which contains the ‘ hydroxyl ’ com- 
bination, is soapy to touch, ashy to taste and is also corrosive 
but changes red litmus to blue and keeps blue litmus blue 

N. B. With regard to the substances that change their 
colour the decisive point is the colour (change) that persists at 
the end. And the best way to remember the present colour is 
from the initial letters of the words ‘base’ and ‘blue’. 
Thus : — 


Acid » Red 

Base * Blue. 

Most oF the acids are produced from the oxides of the " op- 
metals and water. While bases are produced in a similar 
fashion with oxides of the metals and water. 


pie reaction of a solution of a base is also called ‘alka- 
line ’ reaction, because the common bases caustic soda NaOH 
and caustic potash KOH are called ‘alkalies’, because tho 
alkalies were obtained by calcining various materials and reduc- 
ing them to ashes (kohol = ash, impalpable powder); and thus 

a reaction which is produced by solutions of the alkalies gets 
the name ‘alkaline 'in preference to ‘basic 'and thus basic 
or alkaline stand as synonyms. 

Classification and nomenclature of acids and bases. 

Looking at the different formula of the acids (on page 126) 
' we see that though all the acids have hydrogen uncommon. 
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still there is one marked difference between the different for- 
mula} and it is this that some have oxygen in the formula 
(molecule) whilst others hare not any oxygen in the molecular 
formula. From this presence or absence of oxygen in the mole- 
cule they are styled either as oxy-acids or hydro-acids. 


Acids; 


oxy-acids HNO3 etc. 
hydro-acids HC 1 etc. 


Thus : 

(i) Oxy-aeids are those which contain both oxygen and 
hydrogen as well, e. g. HNO3, H2SO4, H3PO4 etc. 

(ii) Hydro-acids arc those which contain only hydrogen 
or in which oxygen is absent, e. g. HCI, H2S etc 


The naming of the hydro-acids is done by using the prefix 
‘Hydro’ and a suffix ‘ic’, and inserting the name of the 
element from which the acid is formed in the middle. Thus — 


(i) HCI — * Hydro-chlor-ic — * Hydrochloric. 

(ii) H2S — * Hydro-sulphur-ic — » Hydrosulphuric 
As for naming the ‘ Oxy-acids ’ the prefix hydro -indi- 
cative of only hydrogen- is dropped, and only the suffix 
' ic ’ is used with the name suggestive of the element Thus . 

HNO3 — * Nitre - ic — =■ Nitric. 

H2SO4 — * Sulphur - ic — » Sulphuric. 

HCIO3 — » Chlor - ic — - Chloric. 

The acid formula which has less oxygen than in the usually 
occurring compound -acid- gets the suffix ' ous’ instead of 'ic \ 
Thus : 

HNO2 — => Nitre - ous Nitrous acid 

H2SO3 — ■ » Sulphur -ous — * Sulphurous acid 

HCIO2 - — * Chlor - ous — » Chlorous add. 

For other powers of oxygen either ‘per’ or 'hypo' are 
used, as prefixes according to the oxygen contents which are 
more than ‘ ic ' or less than 1 ous.' Thus .— 

jjQO — » Hypo-chlor - ous — » Hypocblorous acid 
HCIO4 — * Per - chlor - ic — » Perchloric acid 
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The bases are generally called ' hydro\ides ’ as herein 
hydrogen and oxygen act together as if they are one entity. 
The naming is done by using the name of the metal as n prefix 
to the word hydroxide. Thus : — 

KOH — » Potassium hydroxide. 

Cu(OH) 2 — => Copper hydroxide. 

But when the metal has two hydroxides then the name of 
the one with the smaller number of the hydroxyl groups ends in 
‘ous’ while the other ends in ' ic ’. Thus: 


Cu(OH) — . 
Cu(OH)2 — * 

Hg(OH) 

Hg(OH)2 — > 


Cuprous hydroxide and 
Cuprtc hydroxide. 
Mercurous hydroxide and 
Mercuric hydroxide. 


The hydroxides in general, as we can gather from the fore- 
going information are ‘ bases ' , and have their (those that are 
soluble) reactions towards litmus which may be either said as 
‘ basic ’ or ‘ alkaline ’ 


A.— Preparation of Acids: 

Acids, as can be gathered from the meaning of the woid 
oxygen, are compounds that are got by passing certain oxides 
— non-metalhc— in water. But acids also result from the reac- 
tions other than the above one Thus acids can be prepared 
by .— 

I. Bringing the (non-metallic) oxides and water 
together 

(a) Carbonic acid gas w hen passed into water results in 

the formation of caTbonic acid. 

CO2 + H2O ■= H2CO3. 

Carbonic acid. 

(b) Sulphur trioxide a liquid passed into water gives sul- 

phuric acid 

SO? + H2O = H2SO4. 

Sulphuric acid 
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(c) Phosphorus pentoxide a solid thrown Into water gi\es 
the phosphoric acid. 

P2O5 + 3H2O = 2H3PO4 

' Phosphonc acid 


II. Liberation of it from its salt Whenever 
possible the salt is treated with sulphuric acid, care being taken 
that the reaction be not stopped and the acid be easily liberated. 

(a) Formation of a pasty mass prevented by heating HCl 

NaCl + H2SO4 — > NaHSC>4 4- HCl 

(b) The liberation of the acid may be helped by heat 

HNO3. 

2NaNC>3 + H2SO4 — > Na2S04 4 - 2HNO3. 

or better 

heat 

NaCI + NaHS04 — > NazS 0 4 + HCl 

(c) Instead of heating, water may be added H2CO?, 

HaS, H3PO4. 

CaCC>3 + H2SO4 — * CaS 0 4 + H2CO3 

FeS + H2SO4 — » FeS 0 4 + H2S 

Ca3(P0 4 )2 + 3H2SO4 — ► 3CaS0 4 + zH3P0 4 

(d) Whenever the acid required is a reducing agent, sul- 

phuric acid ought to be replaced by phosphoric acid 
HBr, HI. 

2NaI + H3PO4 — > Na2HPC>4 + 2HI 
2NaBr + H3PO4 — » Na2HP04 + 2HBr. 

(e) Hydrochloric acid may replace sulphuric acid in many 

cases H2CO3, H2S, H3BO3. 

'CaC03 + 2HCI — » CaCIs + H2CO3 
FeS + 2 HCl — » FeCla + HaS. 

NaaB407 + 5H2O + 2HC1 — » 2NaCt + 4H3BO3. 

(f) The salts of barium with sulphuric acid yield at ordi- 

nary temperature the total amount of the acid con- 
tained 1 H2S2O6, HCIO3 
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BaS206 + H2SO4 — > BaSC>4 + H2S2O6. 
BaC103 + H2SO4 — » BaS04 + 2HCIO3. 

(g) Similarly with salts of lead and hydrogen sulphide: 

H4P2O7. 

(h) or a silver salt with hydrochloric acid . H2N2O2. 


Ill The decomposition of the non-metallic chlo- 
rides: H3PO3. 

I'C1 3 + 3H2O — » 3HCI + H3PO3. 


IV. The oxidation : 

(a) of non-metals in presence of water : HNO2, H3PO3. 

H2SO4. 

(b) of peroxides of certain metals: Heating a lower 

oxide with a mixture of potassium nitrate KNO3 
and potassium carbonate Na2CC>3 or both : 
HMnO-j, HaCrC^. 

N.B. The acidity seems to increase with the amount of 
oxygen present in the mo.ecule. 

PH 3 — > H3PO2 — » H3PO3 — =► H3PO4. 

HaS — » ... — » H2SO3 — * H2SO4. 


B.— Preparation of bases : 

Bases which are otherwise styled hydroxides are formed in ‘ 
the case of metals of the alkalies (Na, K and NH4) and the 
alkaline earths (Ca, Ba, Sr and Mg) by 

(1) Direct union of water with the oxides : 

CaO + H2O — s. Ca(OH)2. 

calcium hydroxide. 
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and in other cases by — 

(2) Double decomposition when a soluble hydroxide acts 
upon a salt : 

NH4CI + NaOH — * NH4OH + NaCl. 

ammonium hydroxide 

Neutralization or salt formation . 

When chlorine gas is passed into water we firfd ..that it 
gives us two substances hydrochloric acid HC 1 and hypo- 
chlorous acid HOC 1 . 

CI2 + HsO — =. HC 1 + HOC 1 

From the formation of hypochlorous acid and hydrochloric 
acid it is evident that the water molecule got split up not 


in the form as *- 

HaO 

— ». aH 

+ 

O 

but as . — 

H2O 

— » H 

+ 

OH. 


Thus it is clear that if H and OH come together under 
favourable conditions, these will combine and form water, leav- 
ing the other components of both the compounds, containing H 
and OH, free. These components now are free to and have to 
combine with one another This combination is called a ‘ salt’ 
from the very common substance the common salt which is 
also obtainable from a similar reaction 

Caustic soda + muriatic acid = water + common salt. 

NaOH + HC 1 = H2O + NaCl. 

In the similar fashion we get — 

(i) KOH + HC 1 = KC 1 + H2O. 

<il) NaOH + HNO3 - NaN03 4 - H20. 

(iii) Ca(OH)2 + H2SO4 = CaS04 + 2H2O 

Thus potassium chloride KCI, sodium nitrate NaN03, and 
calcium sulphate CaS04 are called salts, and the whole reaction 
with the ultimate result of the formation of salt is called ' salt 
formation.’ 



ACIDS, BASES AND SALTS. 


*33 


XII. ] 

If the reacting substances are tested with litmus paper be- 
fore these are mixed together, we notice that each has its own 
colour change and this colour change is of opposite character. 
When adequate quantities of these substances are brought 
together there is no effect seen on the litmus paper,' and this 
absence of the effect is attributed to the qualities of the reacting 
substances being nullified or neutralized by their mutual inter- 
action and hence this process also is called ' neutralization.’ 

We are now in a position to give a definition of a salt 
provided we keep in mind that the water formed during the 
salt formation is not a part of the salt but only an unavoid- 
able thing during the formation of the salt, and thus it is to be 
excluded from the definition of a salt. Thus : — 

Salts are substances formed by the interaction of acids 
and bases, with eventual removal of water 

Having seen that the power of neutralization either of an 
acid or a base is solely depending upon the * hydrogen ' or the 
1 hydroxyl’ radicals, we can easily conclude that individual 
or bases would be more or less powerful depending upon the 
number of the hydrogen atoms or the hydroxyl combinations in 
their molecules These powers of the acids are measured with 
respect to bases, and of the bases with respect to acids, and thus 
the power of an acid is expressed in terms of the ' basicity of 
an acid’ and the power of a base is expressed In terms of the 
‘acidity of a base’. 

The standard for the measurements are caustic soda NaOH 
and hydrochloric acid HCl, which each of, them has one 
hydroxyl or one hydrogen respectively. Thus 

(1) Hydrochloric acid — — > HCl is a monobasic acid 

(2) Nitric acid — * HNO3 is a monobasic acid. 

(3) Sulphuric acid — * H2SO4 is a dibasic acid. 

(4) Phosphoric acid — » H3PO4 is a tnbasic acid. 

and ' - 

(1) Sodium hydroxide — » NaOH is a mono-acidic base. 

(2) Calcium hydroxide — » Ca(OH)2 is a di-acidic base. 
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Thus the capacity of the molecules of the different acids 
fot entering into reaction with different quantities of one and 
the same (standard) base is called the basicity of the acid, 
'and the acidity of the base is just opposite of the basicity. 

When different quantities of acids and bases are brought 
together, it is not always the case that adequate or betteT, equi- 
valent quantities are coming together, and thus from the law of 
Constant Proportions we will find that excess of an acid or a 
base is left out. But if equal quantities are mixed then we get 
both the acid and the base completely neutralized, and then we 
get what is called a Normal salt, from the fact that it is a nor- 
mal state of things that these should be completely neutralized 
when we bring together equivalent quantities of the reacting 


substances. Thus : — 



(1) 

5oNaOH 

+ 50HCI = 5oNaCl 

+ 50H2O. 

00 

SoNaOH 1 

+ 25H2SO4 - 25Na2S04 + 50H3O. 

C?) 

ioCa(OH)2 

+ 20HCI ** ioCaCl2 

+ 20H2O. 

(4) 

xoCa(OH)2 

+ 10H2SO4 « ioCaS04 

+ 20H2O. 


In case wa get unequal quantities of the acids and bases 
and especially if one of them (acid or base) is of a type other 
than the mono, then the neutralization takes place in a semi- 
neutralized condition, and we get either the excess of the acid 
paTts or the basic parts still remaining in the molecules unused. 
If salts are formed according to the above, then they are styled 
either as acid salts or basic salts according to the predomin- 
ance of an acid or a base in the molecule of the salt. Thus : — 
(x) (Ca(OH)a + HC1 = Ca(OH)CI + H?0. 

(2) NaOH + H2SO4 = NaHSC>4 + H2O 

Here * HC1 ’ can neutralize only — 3 , and ‘ NaOH ' 

can neutralize only Thus either one ‘OH’ in the 

, Ca(QH)2 * or one * H ’ in the H2SO4 molecule remains un- 
neut rahzed , and has thus to be shown in the writing of the for- 
mula. 



Now as ‘ Ca.OH.Cl ’ is neither a pure salt nor a puTe 
base, but is both and this must be clearly expressed. Thus to 
express this it is called a ' basic-salt \ Similarly ' NaHSC>4 ' 
is neither a pure acid nor a pure salt but is both. And 
thus to express this it is called an * acid-salt ’. 

In the case of these semi-neutralized salts the litmus reac- 
tion may be different than from what we expect from a mere 
inspection of the molecular formulae. Many normal salts show 
an acidic or a basic reaction and even some acid-salts give 
practically a neutral reaction. 

N. B. A careful distinction must be made between acid- 
character and acid-reaction 

- Both the acid and basic salts can be converted into the 
normal ones either by. — 

(1) Driving off the excess of the acid or the base if 
convenient or by, 

(2) Neutralization of the excess of the acid or the base 
by an adequate quantity of the base or the acid as 
the case may be. 

Nomenclature of the salts. As a rule the salts are 
named with reference to the acids from which they are derived. 
The salts of hydro-adds have theii name ending in * ide as • 

NaCl — » Sodium chloride. 

KCN — * Potassium cyanide. 

However the same ending ‘ide’ is given to the name of the com- 

poan o ut two elements -binary compounds- irrespective of their 
character as 

MgjN2 9. Magnesium nitride. 

SOa — > Sulphur dioxide. , 

Salts derived from oxygen adds whose names end in 
ic nave their names ending in * ate * as : 

NaNOj — Sodium nitrate. 

K2SO4 — Potassium sulphate. 
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In a similai way the prefix changes to ‘ ite ’ when we pass 
from a lower acid to Its salts as * 

NaNOs — > Sodium nitrite. 

CaSC>3 — > Calcium sulphite. 

O —Preparation of salts • 

A great many methods are in use for the preparation of 
compounds called salts, as these salts are very numerous and 
each has its own peculiarities which must be taken into account 
in devising means for preparing it. In many cases some rather 
unusual methods are employed, owing to the character of the 
minerals available in nature or to the accumulation of a cheap 
by-product in some other industry. Naturally the methods 
employed on a small scale in the laboratory are likely to differ 
from those used in industries, where economy is the first 
requirement 

There are however some general principles which underlie 
the great majority'of these methods and these are — 

I. Direct union of two elements 

Very many binaiy compounds can be prepared by heating 
the metal with the appropriate non-metal Among these are 
sulphides and halides. The product of course is anhydrous 
rather than a hydrated compound. This method finds wide 
application when anhydrous compounds are wanted — 

aAl + 3CI2 = 2AICI3. 

I 

II. Direct union of the anhydrides of the 

acid and the base : 

S1O2 + CaO = Casi03. 

III. Treatment with an acid of a 

(1) metal, or , 

(2) metallic ovide, or 

(3) metallic hydroxide, 
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(«) In the laboratory metals are generally used for the 
preparation of salts, as these are generally to be had in a degree 
of purity : — 

(r) Zn + 2HCI ■= ZnCl2 + H2. 

(2) Cu + 2H2SO4 = C11SO4 + SO2 + 2H2O. 

( g) In the industries either the oxides or the hydroxides 
are usually employed, since they are as a mle found in nature 
or are of easy preparation 

(1) ZnO + H2SO4 = ZnS04 + H2O 

(2) Zn (OH)2 + H2SO4 = ZnS04 + 2H2O. 


IV. Reduction of salts of oxy-acids to those of 
hydro-acids 

Many salts of o\y-acids when they are heated with a 
reducing agent ( carbon ) get reduced and form salts of the 
hydro-acids 

BaS04 + zC = BaS + 2CO2 


V. Double decomposition. 

(<) Displacement of a volatile acid When a non- 
volatile acid acts on a volatile one, the latter is 
displaced m accordance with the general principles 
of equilibrium, provided the volatile acid is sparingly 
soluble in the liquid present 

NaCl + H2SO4 = NaHSC>4 + HC 1 . 

(j8) Method based upon precipitation. The forma- 
tion of a precipitate, when two substances such as 
form an insoluble product by mutual exchange of 
partners, are brought together in solution, takes 
place in accordance with the principles of a balanced 
reaction 

NaCl + AgNO S = 

BaCls + Xa2S04 - 

18 


AgCl + NaN 03 . 
BaSC>4 + 2NaCl. 
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VI Fusion method. 

When compounds are melted together, it sometimes 
happens, that double decomposition occurs, which would 
not lake place if the same salts were brought together in 
water. In such fusion reactions one of the melted salts • 
may be regarded as the solvent and it is to be expected 
that the solubility of the other m this will be different 
from its solubility m water For example barium sulphate 
BaSCXj is practically insoluble in water and consequently is not 
greatly affected by aqueous solution of sodium carbonate 
Na2(X)3 In melted sodium carbonate on the contrary it is 
readily soluble, while barium carbonate BaC03, is insoluble. 

As a consequence when it is melted together with sodium 
caibonate the following double decomposition takes place * 
BaS04 + Na2C03 = BaCC>3 + NA2SO4. 

When the mixture is cooled and then warmed with water 
all the compounds except barium carbonate BaCC> 3 dissolve 
and this may be filtered off, and converted mto any desired 
salt 





CHAPTER XIII. 
Dissociation. 


-XSSQSS*— 


We have seen that * Chemical Affinity ’ and * Kinetic 
Energy ' are great controlling factors in the formation of com- 
pounds and eventually their stability of constitution and form 
Yet on account of these very same factors, whose influence can 
be modified by external circumstanoes, we find many well 
formed compounds showing unstability. Some good many of 
these are affected permanently whilst there are yet others who 
alter their form and constitution to suit the surroundings and 
again revert to the original, when the extreneous circumstances 
allow 

Thus where there is a complete breaking up of the com- 
pound without any possibility of again forming the original 
compound we call it decomposition but where the rupture is 
only of a short duration till the inducing factors are powerful, 

then that kind of temporary breaking is called dissociation 
Thus to define : 

When a chemical compound spirts up into simpler sub- 
stances by change of physical consitions (Temperature, Pressure 
or Dilution) and the products of the decomposition are capable 
of recombining to form the original compound on resumption 
of the original conditions then the process of such a decomposi- 
tion is called dissociatidn.* 


* To express this idea more pointedly, we maycany further on the 
simile about ‘affinity and love ’ and draw the comparison thus 


Element) Che mi- 2 
& Veal Affi. 
Element j mt> 


association 

but 

not firm 
in the 
presence 
of disturb- 
ing influ- 
ences 


Individual 

& 

Individual 


} 


Association 
Zl bat Z 
not firm m 
the presence 
of disturbing 
influences 


. Catalyser 
(accelerates 
the combi- 
nation > 


Rival 

(acnlerates 
the friend 
vmp | 


< — Compound 


Disturbing JZ 
influence 
(heat, elec 
tncity, pres 
sure } 


Dissociation ^ Decomposition 

S Marriage Quarrel y- 

Temporary 
separation 7 * Divorce 
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It is of two kinds — 

A. (i) Dissociation (when heated) Thermal 

B. (2) „ (m solution) Electrolytic 

I 

A— Thermal Dissociation 

Here ft must be well remembered that the components of 
the two kinds of dissociation— Thermal & Electrolytic- are not 
necessarily the same, nay they .ire usually different Thus 


heated 


NH4C1 

in solution 

NH3 

+ 

HC 1 . 

NH4CI 

Whilst . 

heat 

nh 4 

+ 

Cl' 

2H2O 


2H2 


O2 

H2O 


H - 

+ 

OH'. 


Thus we see that the points of attack for different factors 
.ire different and we get altogethei different radicals 

It is evident that the term dissociation applies to only 
reversible reactions as it is here that a compound may break 
and again form over and o\ er again, depending upon existing 
conditions. Thus ■ — 

When KCIO3 is heated the products formed by heating 
cannot be recombining again to KCIO3 because this is a non- 
reversible reaction and hence classed under decomposition. 

Similarly also when sugar is heated, the products of the 
decomposition that takes place cannot be made to recombine so 
as to form the original sugar. The sugar which has been trans- 
foimed, which, like the chlorate of potash, is changed once and 
for all The decomposed molecules remain decomposed Here 
there is no question of Kinetic Equilibrium, the action is not a 
balanced one 

While 2H2O «=2 2H2 + 02 is a reversible reaction, and 
hence can be classed under dissociation 

Proof: — When a solid or a liquid is heated to a suffici- 
ently high temperature it changes to a gas, and this gas has a 
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certain volume according to the temperature and this volume 
eventually imparts a certain pressure From the Kinetic The- 
oiy of gases the pressure depends upon the number of particles 
in the volume 1 e., the pressure depends upon the density 
So the pressure would be a direct reading of the density. 

Now in certain cases it has been found out that the 
density gets lower or higher as the temperature is increased or 
decreased. If then there is a change m the density it clearly 
shows that there must be a change in the numbeT of the parti- 
cles contained in the volume ! e., the number either increase*, 
or decreases as the conditions change 

Therefore as the number is changed and as no other sub- 
stance is added the natural concluaion that can be drawn from 
this is that the original molecules of the gas must he 
either associating or combining with one another, or 
dissociating l. e , splitting into smaller ones. Deville 
was foremost in investigating this question He soon proved 
that decomposition always takes place in such cases and sub- 
stantiated his statement by taking the example of ammonium 
chloride wherein the following changes were pioved to occur, 
heat 

NH4CI NH 3 + HC1 
cold 

Here it is plain that every molecule of ammonium chloride 
which thus dissociates yields a molecule of ammonia and one 
of hydrochloric acid gas, making in all two molecules in place 
of one. Hence the mixture of two gases must exert double the 
pressure if the volume is constant or must occupy twice the 
space and thus consequently must possess but half the density. 

When the number changes then the pressure on the sides 
must change as the sides of the containing vessel are differently 
affected 

The following are some of the most common and hence 
important cases of dissociation bj heat. 

' heat 1 

NH4CI NH 3 + HC1 
cold 
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( Colourless ) N* 0 * ^ - » NO., + NO. ( black ) 

( u ) PCI, jzrt PCli + O- (yellow) 

(Violet up to 700') I 8 Ij +1, ( blue, complete 

at 1,700* ) 

( Blown ) Su n S., + Sj + S 2 + S» (yellow) 

Now the change in the vapour density is obvious, for in the 
dissociated state there are twice (or more) as many molecules 
-as in the first case- when heated. 

Since the vibrations of the molecules of a gas are influenced 
extensively by the pressure, it is natural that the increase of 
pressure should depress the amount of dissociation which takes 
place and conversely. 

Effect of Change of Temperature and Pressure on the 
Chemical Equilibrium. 

I — -Alteration in the temperature of a system m equilibrium may 
bring about changes in which (1) the equilibrium may be displaced, yet 
all the original substances remaining m the system or (z) one or more 
phases may disappear and an equilibrium entirely of a different type 
may result 

The example of the latter case is ice and water m equilibrium 
with water vapour Here the one or the other phase may entirely 
1 disappear 

In the first case alteration of temperature produces only a displace- 
ment of the equilibrium and the displacement depends upon the following 
rule — 

II At constant volume increase of temperature favours the reaction 

in which heat is absorbed, and the lowering of temperature 
favours the contrary reaction ” 

Cold 

zO a 308 - 

Beat V. 

XL The position of equilibrium is also altered by change of 

pressure — 

« At constant temperature increase of pressure displaces the equili- 
brium in the direction in which the volume diminishes, 
whilst decrease of pressure has the contrary effect " 
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Increase 

2O3 3O3 

Decrease 

III — From this rule it follows that if the volume does not change on 
displacement of equilibrium at constant temperature alteration of pressure 
should have no effect on the position of the equilibrium — 

Ha + la - 2HI, 

• r vol + 1 vol. *» 2 yoIs. 

The whole matter about thermal dissociation is placed be- 
yond doubt by experimental proofs from the cases like that of 
ammonium chloride which when special precautions are taken 
can be vaporized without decomposition, and not only this but 
when thus vaporized is found to possess a density in good agree- 
ment with the anticipated value. 

Thus the facts that both decompositions as well as dissocia- 
tions take place are proved beyond doubt and still “The 
proof that in this instance Avogado's hypothesis is not wrong 
affords naturally a far stronger confirmation than a score of 
normal straight forward cases." 


B.— Electrolytic Dissociation. 

Solutions and particularly those aqueous solutions of salts, 
adds and bases, form one of the most important classes of 
chemical substances, and to the above catagories almost all in- 
organic, and some organic compounds belong. 

In solution the behaviour of acids, bases and salts has been 
found to be <juite abnormal especially with regard to the physi- 
cal constants : boiling points, freezing points and osmatic 
pressures. This abnormal behaviour is so marked a one that 
compounds in general have been divided on the one hand into 
indifferent snbstances a nd these are mostly organic ; and on the 
other acids, bases and salts. In addition to the unusually ab- 
normal effects given by the latter substances in solution, there 
is yet another distinction marking them off still more sharply. 
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Solutions of these compounds act as conductors of electricity 
while those of the indifferent substances lack in this property 

One thing however here to be particularly borne m nnnd 
is this that it is the solutions of the acids, bases and salts that 
have this power and not the pure substances themselves. Thus 
for example liquid hydrogen chloride i. e. liquefied hydrochloric 
acid gas or pure hj'drogen sulphate i e absolute sulphuric acid 
which has been very carefully prepared and freed form the 
last traces of impuuties does not conduct electricity to any 
measurable extent These purified acids do not attack metals 
or affect litmus, is quite a highly significant fact Similarly 
water which has been prepared absolutely pure by redistillation 
from platinum apparatus and also freed from the smallest quan 
titles of dissolved gases- & most difficult task- can haidly be 
said to show the least conductivity 

Inspito of the non-conductivity of either the pure acid or 
pure water, vet if these are mixed together, the solution allows 
electricity to pass with as much ease as a metallic Wire like that 
of copper. Similarly 1 (II) (III) the solution now attacks metals, and 
changes blue litmus to red etc ]USt as the ordinary impure acids 
of commerce would do 

Thus we find that the solutions of acids, bases and salts do 
not behave in the usual way It has already been observed 
tinder the chapter on solution that 

(I) The Boiling Point, the Freezing Point and the Osmotic 
Pressure of a solution depend upon the number of p.n tides 
( molecules ) dissolved in the solution. 

(II) The Boiling Point or Freezing Point or Osmotic 
Pressure depends upon the number ( of molecules ) arid not 
upon the quantity ( of the substance ) , the more the number 
the more pronounced are these states 

(III) Then again these regularities aie only observed in 
the case of solutions of substances other than acids, bases or 
salts ( to be called electrolytes ). 
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Now lei- us consider the conditions of solutions of these 
( of salts, acids and bases ). 

These solutions show certain other qualities acquired in 
addition to the former ones 

(1) Freezing point is lowered 

(2) Boiling point is raised. 

(3) Osmotic pressure is increased. 

The deviation from the calculated effects varies wittnn 
wide limits. In some : — ( A ) It is slight 

In some •— ( B ) It reaches double or ^ triple 
value depending upon the " concentration " and 
is utmost in very dilute solutions. 

Now in the former cases (to be called non-electrolytes) it 
is found that the boiling point etc., depend directly upon the 
« number of molecules ” dissolved, and not on their individual 
characters or qualities. Gan we not suppose these deviations 
as due to the change in the number of independent particles ? 
Such an explanation we have adopted in the case of gases and 
we have found it out to be true and hence that very same ex- 
planation is resorted to and adopted here 

So it is assumed that the solute dissociates, r. e. splits up 
into small particles, behaving themselves as independent bodies 
or entities. 

Historical development of the idea of electrolytic 
dissociation 

It vrill he quite interesting at this point to give a short historical 
outline of the main tbeones of electrolysis which have been advanced 
from tune to time. 

In 1780 Gahani noticed that the action of an electee current on the 
frog and Volta extended the knowledge about electricity a good deal. 
And it was he who suggested that friction of two dissimilar bodies was 
sufficient to make them endowed with electricity of opposite nature ( pola- 
rity ) In 1807 Davy advanced this view further by holding that the 
smallest particles of substances (atoms) become positively electrified upon 
contact ( the intensitj of the charge rising with increase of temperature > 
19 

> 
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and also that chemical combinations result from the neutralization of the 
opposing potentials The signs of the potential of the combining elements 
could be experimentally determined Electropositive elements are 
isolated at the negative poles and vice versa, upon electrolysis 

In i8xz, and more fully m 1819 Berzelius published the DnalistiC 
Theory of chemical combinations This has a great resemblance to 
Davy’s m some fundamental points, but differs in that it was more systema 
tically developed He maintained that every atom possesses both + ve 
and - ve electricity but m varying amounts thus some elements were 
positive and others negative Most elements were positive with respect 
to some and negative with regard to the otheis Only oxygen was never 
positive to any element, and thus was held to be purely electro-negative 
and for this and otbet reasons as well Berzelius adopted it as his standard 
The elements after combination furnished new bodies which again had an 
excess of one or the other kind of electricity present Thus the basic 
oxides resulted from the union of oxygen and strongly electro-positive 
elements (the metals) and similarly acid oxides are the result of combina- 
tions between oxygen and non-metallic elements Salts and even mixed 
salts and hydrated salts were regarded as the product of union of the 
already compound bases and acids Here also an excess or one or the 
other land of electricity is being left over, blit that in a less pronounced 
quantity than with similar substances 

However m 1839 Daniell demonstrated and proved that dunng 
electrolysis the same amount of electricity will set free quite a definite 
amount of hydrogen on being passed successively through water and a 
solution of sodium sulphate Yet in the latter case ( NazS04 ) it will 
liberate also an equivalent amount of sodium hydroxide Thus doing 
double as much work in the second as in the fust instance according to 
Berzelius's theory Moreover the dualistic hypothesis did not precisely 
explain the peculiar behaviour of certain acids as compared with others 
Thus it could not say why certain hydro-acids ( notably HC 1 ) were as 
strong or stronger, than many oxygen acids containing the most electro- 
negative elements of all Thus there were many objections to this dualistic 
theory and a theory which was accepted and found its way into text-books 
for many years was that of Grotthus (1805) 

According to the theory of Grotthus the molecules of an electrolyte, 
though previously mdiscnmmately distributed through the solution, arrang-, 
ed themselves m “ chains " through the liquid under the influence of 
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le electric current and the particles adjacent to the electrodes then 
: para ting a<i ip fig r5 


Current 



Fig 15. 

Clausius in 1854 applied the kinetic theory to electrolysis He 
tssumed that the electrolyte molecules were in constant mobon m the 
•olution and hence they are momentarily split up into their 10ns Under 
isual conditions recombination took place at once, but in presence of an 
jlectnc current the 10ns were separated at the electrodes, a mutual inter- 
change of component parts ensuing between the electrodes Both the 
above theories were not accepted as each presupposes a certain minimum 
Electnc current to be necessary for electrolysis, whereas the smallest 
1 u-rent will effect electrolytic decomposition 

The next in the field was Arrhenius who in 1887 advanced his 
' Ionic Theory ” of electrolysis which was already foreshadowed as early 
as 1833 by Karaday Arrhenius assumed that all electrolytes (according 
>s they are good or bad conductors ) are more or less dissociated in 
solution into positive and negative ions carry mg charges of 'positive ’ or 
negative’ electricity in proportion to their valency The electnc 
current simply acts as a directing force and causes the ions to migrate to 
eithei electrodes and deposit there their electnc charges Thus being 
freed from the electnc energy these then reappear as the usual chemical 
elements or groups and may then be set free as such, or undergo further 
chemical decomposition with the electrode or the solution (cf chapter on 
electrolysis). 

I he most recent advances in this, deal with the extension of the 
mn.c theprv and this is because of the conception of the materialistic 
nature of electricity It was naturally anticipated that there would be 
a corresponding * po>tti\e' electricity as well, when ‘negative' electncity 
was first shown to be material But later work points to the conclusion 
that there is only one kind o.‘ electricity • * negative electncity ” or as it is 
now tc-Tued ''electrons 1 inos therefore the theories of electrolysis 
bad to be readjusted and this has been done notably by Sir YV Ramsay 
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(Presidential Address to the Chemical Society 1908-9) It is now assum- 
ed tnat the elemental} atoms are combined with electrons m two ways 

with ‘ active and with ‘latent electrons The number of the latent 
electrons depends upon the maximum valency of the element and the 
particular valency displaced m a given instance while the active electrons 
are the cause of the displayed valency and thus of course of the 
dissociation mto 10ns as well 

X B It will not here be out of place to state that in good many 
cases the 10ns though naturally one expects still are not simplest possible 
e g many double salts are evidently not dissociated simply mto the metals 
and the acids For example, if potassium plabnichlonde were to be as- 
sumed as 2KCI PtC4 then we might expect that, upon electrolysis 
platinum and potassium would appear at the cathode and chlonne at the 
anode. However the fact is that the platinum is found liberated together 
with the chlonne at the anode Thus the formula of the salt m keeping 
with its behaviour 'm solution is more appropriately wntten K2(PtC16) 
dissociating as . 

K 2 PtC16 7=± aK* + PtClfi ” 

When a new theory is to be formulated then the usual 
course is to collect evidence in Its favour so as to substantiate 
the enunciation of it On the evidence collected the theory' 
is cast and then again to find out xvhether the statements 
made are borne out to be true or not, deductions based upon it 
are drawn and these vanfied with actual facts With regard to 
this electrolytic dissocition theory we will follow the same 
order. 

I — Evidence for Dissociation in (Electrolytic) 
Solutions 

(1) Abnormal constants — 

The abnormal results got for the boiling point, the 
freezing point and the osmotic pressure are in themselves 
clear indications of the increase of the number of particles 
that have effect in withholding the vaporization of the 
solvent (molecules) etc. 
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(2) ChBmical reactions in solutions. — 

(a) Simplicity.— There is a simplicity in the chemical 
action of the solutes dissolved, upon each other. This strongly 
suggests previous existence of free separate entities to be able 
to behave independently. This can be easily seen from the 
following double decompositions : 

BaOs + H2SO4 = BaS04 + H2O2. 

KOH + HNO3 = KNO3 + HOH. 

AgN03 + NaCl «= AgCl + NaNC>3. 

These reactions show a simple exchange. The metals in- 
terchange places with each other or with hydrogen while NO3 
or SO4 goes thrfiugh the reaction as a single unit. 

(b) Rapidity.— The reactions come about with great 
rapidity. This indicates that there is very little, if at all, preli- 
minary work to be done, in decomposing these materials into 
these groups. 

This is not the case with non-electrolytes- which are slow, 
— or from those occasioned by heat. viz. KCIO3. 

(c) Along a particular line of wealcness.— -From the 
breaking of the compounds It appears that there is a distinct 
line of weakness in the molecules (of electrolytes). H2S04-* 
H2 + SO4 while SO4 acts as a unit 


(3) The law of thermoneutrality.— 

When dilute solutions of two soluble salts are mixed and no 
physical change, such as formation of a precipitate or an evolu- 
tion of a gas, takes place, there is little or no heat change. 

Dilute solution of sodium nitrate NaNC>3 mixed with 
dilute solution of potassium chloride KC 1 shows no heat change, 
but on evaporation a certain quantity of potassium nitrate 
KNO3 and of sodium chloride NaCl each is obtained showing 
the following reaction to have taken place. 
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NaN 0 3 + KC 1 - KNO3 + NaCI. 

If m dilute solutions the various molecules represented in 
the equation are all parted into independent units, as E, Na, Cl 
and NO3 and only in concentrated solutions form any consider- 
able number of molecules, we can see why there'should be little 
evidence of reaction on miving the dilute solutions although in 
a concentrated solution the action takes place accompanied by 
heat change. 


(4) The Facts about Electrolysis.— 

[ The behaviour of solutions towards electricity 

(a) Substances which conduct electricity may be divided 

into two classes 

(1) Conductors of the first class in which -the passage 
of electricity is not accompanied by any chemical 
change, viz, Metals, graphite and alloys. Along 
them the current Simply passes from particle to 
particle in rapid succession (conduction) 

(3) Conductors of the second class in which the passage 
of electricity is accompanied by chemical decom- 
position These are called the electrolytes. In 
the case of the solution of the electrolyte, the con- 
ductivity is much less than that of the metals and 
the particles of the solute actually move in the solu- 
tion, so that the electricitj- is carried by a land 
Of convection rather than by conduction. 

These conductors of the second class -solutions of sub- 
stances that will conduct the current— are styled as electro- 
lytes 

(b) The-electrolvte is alway s decomposed during the pass- 

age of the current and the decomposition is called 
electrolysis 
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(c) The two poles A and B in Fig 16 that conduct the 
electric current are called the electrodes. 

Positive pole, here A, which 
brings hi the current is call- 
ed the Anode 

Negative pole B which leads 
the current out is called the 
Cathode. 

The current is conducted by the movements of the parti- 
cles towards the electrodes. These moving particles are called 
“ Iona.” ( Greek word meaning “ to go") 



(a) Ions moving towards the anode are amons 

(b) Ions moving towards the cathode are cations ] 

A. — During electrolysis the decomposition products of the 
electrolyte are deposited on the electrodes or concentrate about 
them Thus for example, when copper chloride (CnCl2) under- 
goes electrolysis, the copper is deposited on the cathode, while 
the chlorine is set free at the anode, the products thus appear- 
ing at places which may be far apart Not only the products 
appear at distant places but they appear instantaneously thus 
indicating that there is no time lost due to bringing about the 
decomposition. 

B —It has been found out that if the weight in grams of 
one equivalent of any metal (or hydrogen) has been liberated, a 
definite quantity of electricity has been carried through the 
solution namely, 96,540 coulombs The quantity of electricity 
depends merely on the number of the ions afid not on their 


heat C — " Th8 C ° mb!natiou of c °PP er and chlorine gives out 
Cu + CI2 = CuCl2 j ,- 51,630 cals. 

> mp r iti ? n 0f * then Shoold absorb heat but in- 
stead when it is dissolved in water, a further evolution of heat 
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takes place equal to 11,080 cals. When this solution is electro- 
lysed there is very little absorption of electucaj energy for de- 
composition of the sail. Thus ■ 

( 1 ) Appearance of the products at distant poles. 

( 2 ) Equal quantity of electricity which an equivalent of 
every metal carries 

( 3 ) No absorption of electrical energy for decomposition, 
suggest that in the act of solution there is a decomposition of 
the character represented in the equilibrium CuClei; Cu+Cl2 
and that electrolysis does not cause decomposition but 
depends upon it. 

II — Theory of Ionization (electrolytic dissociation). 

From the several laws and results found relating to solu- 
tions of electrolytes and electrolysis, a theory has been put 
forth as the theory of “ Electrolytic Dissociation ” i. e , 
Ionization. The chief points which this theory asserts are * — 

(1) Electrolytes form ionB in solution.— The elec- 
trolytes when dissolved in water no more remain completely as 
dissolved molecules but these molecules split themselves up into 
smaller groups of atoms or even to atoms, and these are styled 
as “ ions " from their nature of constant movement. 

(2) The ionization of the electrolyte results in an 
equilibrium. — When any electrolyte dissociates, i. e , ioniza- 
tion takes place, then the ionization does not complete itself 
but an equilibrium is reached between the molecules decom- 
posing into ions and those ions reforming into molecules 
again : — 

NaCl ir? Na + Cl. 

H2SO4 t=Z 2H + SO4. 

This equilibrium is determined by the influence of clueflj 
the'following three conditions : — 

(a) The nature of the electrolyte — Different elec- 
trolytes have different degrees of dissociation and 
of remaining as free 10ns in solution. 
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(bj The nature of the solvent.— Different solvents 
have different degrees of ionizing the solutes. Water 
is the best, and liquid ammonia NH3 and sulphur 
dioxide SO2 come next to it while there are a good 
many as ether or benzene (as a rule organic liquids) 
which do not at all ionize the solutes. 

(c) The dilution. — The ionization percentage increases 
as the dilution increases. From the kinetic stand- 
point this increase of ions is quite apparent. Here 
the dilutions increase the space for movement of the 
ions, l'hus the 10ns do not come under each 
others influence so very often as would be the case 
if the solution is a concentrated one This want of 
space would bring them closer and that too oftener 
together and thus make them reassociate them- 
selves into molecules Hence dilution increases the 
' ionization. 

(3) The ions are electrically charged.— The theory 
of ionization must give some explanation as to the nature of the 
difference of behaviour of the ordinary molecules and atoms. 
Ordinary sodium and chlorine atoms cannot be present as such 
in the equilibrium expressed in 

NaCl — <- Na + Cl, 

for sodium is a metal which violently decomposes water 
and chlorine is a gas not much soluble in water and has a pun- 
gent odour, whereas sodium chloride forms an odourless and 
perfectly stable solution The explanation of this peculiarity of 
behaviour is this that the 10ns * are considered as bodies 
heavily charged with electricity and in consequence of these 
heavy charges they have totally different properties than that 
of the uncharged atoms or compounds. Each molecule gives 
rise to two kinds of ions of equal and opposite charges when it 
ionises 


20 


NaCl 

H2SO4 


Na’ + Cl'. 
2H’ + SO4". 
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Since the opposite charges are equal always, the solution on 
the whole remains electrically neutral. It is by virtue of these 
charges on movable bodies that the electrolytes conduct the 
current through the solution 


111 —Deductions from the theory of ionizations 

If the theory as outlined above is to present a correct 
picture of the conditions consisting in a solution of an electrolyte 
certain logical deductions at once follow — 

(1) Properties of the «some ions, whatever their 

source, must be the same throughout 

An ionizing solution will have two independent sets of 
properties, one due to the molecules and the other due to the 
ions All solutions containing a certain ion, say Cl’ should 
hate one set of properties, irrespective of the source of that ion. 
This is found to be true , as for example all soluble chlorides 
(electrolytes) when treated with silver nitrate AgNO^ solution 
precipitate insoluble silver chloride AgCI. 

This may be regarded as due to an equilibrium which the 
Ag' and Cl' -ions tend to Set up with AgCI — 

A g + Cl' ► AgCI 

This silver chloride AgCI is practically insoluble and as 
soon as it is formed the solution becomes supeisaturated and a 
precipitate is the result. 

(2) The colour of the solution (due to 10ns or to mole- 
cules) — Since we assume that the ionization is nearly complete 
in dilute solutions the colour of the solutions must bedUe to the 
several ions rather than to the molecules, while in more con- 
centrated solutions the colour of the molecules will predo- 
minate. In accordance with this view we find that concen- 
trated solutions of various salts of the same coloured metal have 
quite a \ariety of colours while the dilute solutions have the 
same colour v.z., copper salts have various shades of blue, 
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yellow and green in concentrated form while the dilute solu- 
tions are all pale blue and are not distinguishable in colour 

(3) Proportions of the physical constants.— These 
should be in accordance to the number of ions formed (NaCl, 
CaCl2, H2SO4, FeCl3 etc.). In dilute solutions tn which the 
ionization is regarded as more or less complete, the effect on 
boiling point or freezing point or osmotic pressure should reach 
a maximum value. Thus in sodium chloride NaCl it should be 
double, in calcium chloride CaCla it should be triple and in 
ferric-chloride FeClj it should be four times and so on, than 
that found with regard to non-elecfolytic solutions such as of 
sugar In a general way’ll can safely be said that such are the 
real facts that have been found out with regard to such solu- 
tions. 


The theory of ionization or dissociation is a broad theory 
and gives us a working picture of the peculiarities of the solu- 
tions of electrolytes It is not completely satisfactory but a 
great many facts can be represented much more simply in terms 
of this theory. It has done good work and promises to do 
more. Gravitation Theory of Newton in the earlier days was 
opposed in a similar way although now an opponent of gravita- 
tion theory would be (Jbnsidered unreasonable. This theoTV 
has been and may be still modified but as it is, it gives us a good 
working hypothssis and hence better it is adopted. 



CHAPTER XiV 


Neutralization & Salt Formation. 


While discussing about electrolytic dissociation we have 
seen that salts, bases and acids which were styled as electro- 
lytes ionize when thrown into water 'Similarly we have also 
seen that the ions formed m the case of acids always contain 
hydrogen ions, and in the case of bases, always contain the 
hydroxyl ions. These ions have opposite kind of electri- 
city on them, and thus must attract each other Thus 
when an acid and a base are brought together m solution, the 
reaction always consists in the union of H’ and OH' and thus 
of nullifying the effect mutually, with the formation of water, a 
neutral substance which is extremely little dissociated when 
formed * 

K' + OH' + H' + Cl' = H*0 + K + Cl'. 

This reaction is oalled neutralization 

Before discussing this further let us first consider, what an 
acid is and a base is from the ionic point of view 


I Acids 

If the formula of the different acids are examined, their 
inspection tells us that they all contain one element common 
and that is ' hydrogen If we still extend our inspection 
further to other compounds such as sugars, oils, fats, waxes then 
we find here also the same element common, but these still are 
not acids 
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Acids as a class show ; 

(1) Sour taste - atleast those that are appreciably soluble. 

(2) Reaction to litmns. (Blue to red). 

(3) Act chemically on bases 

(4) Conduct electricity (when in aqueous solution). 

(5) Form hydrogen ions H*. 

From the above properties which we have seen to be due 
to the dissociation, and formation of H' ions; an acid can be 
defined as : " A compound which prodnces H' ions whe n dis- 
solved in water ” Because as just said all the attributes found 
for an add are nothing but the attributes of the H’ ion ; and 
the rest of the part of the molecule does not play any part in 
the acidic behaviour. 

A. Some important characteristics of H' 10ns: 

(a) The most important and outstanding property of the 
H' ion is the neutralization of OH' ion and eventual formation 
of H2O which is very little ionized. Hence whenever any 
compound giving OH' ions is brought in contact with H* ions 
of a solution of an acid they neutralize each other and their in- 
dividual properties disappear. 

(b) Whenever a metal (with a few exceptions) comes in 
contact with the H' ions of an acid, the metallic atoms pass 
into solution as 10ns and hydrogen is liberated as a free gas. 

B. Basicity of Acids . As already seen (p. 133) basicity 
of an acid is its power of neutralizing a base, and depends 
usually on the number of hydrogen atoms in the molecule But 
in the case of some inorganic and almost all organic -acids the 
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more number of hydrogen atoms in the molecule leads to wrong 
conclusions. Because : — 

Acetic acid 


Tartanc acid 


Citric acid 

<» « 


In these cases as the basicity is not m accord with the 
number of hydrogen atoms present, the formulae are represented 
by separating those hydrogen atoms only which get 
ionized. Thus ' ' 

' Acetic acid — »- H.C2H3O2. 

Tartanc acid — * H2 C4H4O6 

Citric acid — * H3 C6H5O7. 

Radical Here we distinctly see that the acids form two , 
parts, one of acidic hydrogen and the others which through the 
chemical reactions maintain their individual grouping and 
character. These are called radicals (Ramus =» brancn) Thus 

When an atom or a group of different atoms which goes 
through reactions undisturbed acting as units like the above 
group CsHjOz' of acetic acid or the group SO4" of sulphuric 
add, especially when they can play the lole of an ion, are call- 
ed radicals. 

. , > > 

OT 


CH3.COOH 

OH 

H— i-COOH 
H— A- COOH 

cIh 

H 

H— (i—COOH 
1— A— COOH 
H—C— COOH 

k 


HO 


is 


mono-basic 


dibasic 


tnbasic 
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Any portion of a molecule whether it consists of a single 
atom or of a group of atoms which is capable of being detached 
and transferred to some other molecule : 

Zn + zHCl — * ZnCla + Ha. 

NaaHPC>4 + jAgNOj — *• AgsP 0 4 + aNaNC>3 + HNO3. 

Compound radioal : Group of atom’s acting like a single 
atom and which enters unchanged into a number of compounds 
is called a compound radical. We do not here want to enter 
into the question of their existence or non-existence in the free 
state as it is of no practical value. 

Thus a complete definition for a radical is : 

When an atom or a group of atoms of the same kind or of 
diffprpnt. kinds acts or goes through reactions undisturbed all 
along and which is capable of being detached and transferred 
to some other is called a radical 


Radical. 



Simple. Compound. 

H’.Cr. NH’ 4) SO4". 


Positive Negative. 

These radicals may be either (1) positive or negative e. g. 
Na’, CT, NH 4 ‘, NO3' etc. or { 2 ) may be- mono, di, tri, etc- 
valent ones and these are capable either of replacing or of 
combining with others m a reaction e. g. Ca" , P 0 4 '", etc. 

C, Strength of an ao'id: The strength of an acid 
means the property of its activity at a particular concentration 
and dilution Thi3 property is varying in different acids. Since 
the acid properties are wholly the properties of the H-ions, 
that acid would be the strongest which will give the largest 
number of H’ -ions at a particular time and dilution. This 
number of H' -ions cannot be judged from the formula, for 
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ionization is always an equilibrium and the concentration 
of the H* -ions depends not only upon the number of hydrogen 
atoms in the molecule of the acid of a given solution, but also 
upon the percentage of the molecule s which are ionized when 
equilibrium is reached. 

D. Ionizatidn of di- and tn- basio acids — 

The ionization is a process that always takes place in 
stages and hence in moderately concentrated solutions the 
ionization is largely of the first order as : — 

H2SO4 — ► H - + HS 0 4 '. 

50H2SO4 — > 5oH‘ 4 - 50HSO4'. 

and if water added * iooH" + 50SO4". 

2. e. in dilute solutions a second stage is reached as — 

HS 0 4 ' — * H + S 0 4 ". 

Hence sulphuric acid behaves as a weaker acid than 
hydrochloric or nitric acid in moderately concentrated solutions 

With regard to a tnbasic acid it is as follows : — 

H3PO4 — *H‘ + HaPCy >zH +HPO4" — ► 3 H +PO4". 

Non-Ionizing solvents There are many solvents in 
which atleast some of the acids are soluble and these, if all 
traces of water are absent, do not show any ionization. 

N.B. From C and D it is evident that acids frequently 
behave differently in different dilutions and thus — 

(a) A strong acid may be concentrated as well as dilute, 

. (b) A weak acid may be concentrated as well as dilute. 


Acid. 



Strong. Weak 



Concentrated. Dilute. -* 
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II Bases 

Bases are compounds which in composition ate made up of 
some metallic element (radical) in combination with OH 
(hydrogen and oxygen) Many of them are insoluble in water 
and when soluble show — 

(1) Soapy feel and biackisli taste. 

(2) Reaction to indicators (Red to blue) 

1 (15) Act chemically on acids 

(4) Conduct electricity. 

(5) Form hydroxyl (OH') ions. 

From this a base may be defined as “ a compound that 
produces OH'-ions ■when (dissolved m water ”) in solution. 

Some important characteristics of OH'-ions 

(1) The most important characteristic property is the 
neutralization of H’-ions of an acid together with the eventual 
formation of (neutral) HzO which is practically undissociated. 

(2) Acidity of the base depends upon the number of 
hydroxyl groups that each molecule has. When the molecule can 
furnish one hydroxyl e g KOH, it is mono-acidic, if two e g 
Ca(OH)2, it is diacidic and so on. 

(3) Strength of the base The strength of a base is 
not a fixed property but is varying in different bases As this 
property of a base depends upon the number of hydroxyls that 
are available at a particular time in a particular dilution, that 
base will be the strongest which will give most OH'-ions in 
solution. 

(4) Ionization of di-acidic and tri-acidic bases: 
Just as m the case of the di- and tri- basic acids so also in the 
di- and tri- acidic bases the ionization takes place in stages 
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C 'Salts 

When an acid and a base etb brought together they nullify 
the properties of each other on account of the contrary proper- 
ties of each of them and form water, i c the hydrovvl ions of 
the base and the hydrogen ions of the acid neutralize one an- 
other The remaining positive and negative ions whose elec- 
trical charges are equal and always balancing each other, then 
set up their own equilibrium thus : — 

K + OH' + H + Cl' - H2O + IC + Cl' 

IC + Cl' > KCl (dissohed) * KC1 (solid) 

Thus when the solution becomes saturated with the mole- 
cular members of the equilibrium, here, potassium chloride KCl, 
either because of the limited solubility or on account of the 
evaporation of the solvent, the evce«s is thrown down in the 
solid form and this then is known as a salt Hence a salt may 
be defined as “ A product get by the neutralization of an 
acid and a base with eventual removal of water ” 

Proporties of salts As in the case of acids or bases 
there is no one common 1011 chai acteristic of the salts and hence 
there is no set of propenies as in the case of acids and bases, 
but as a rule they are — 

1 

(1) Electrolj tes 1 e conductors of the second class, 

(2) With a varying solubility, 

(3) And in ionization much more the same (why ? ) In 

short they are strongly ionized 

(4) Nearly all of them are solids and most of them also 

are colourless. 

Different lands of salts, ionization is an act which 
t-tkea place in stages and thus we may neutralize either an acid 
or a base in stages, and thus may get either H or OH'-ions 
still remaining unneutralized giving rise to salts which have in 
their -molecular formation either hydrogen or hydroxyl still 
present unneutralized These sum -neutralized salts are called 
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either acid, or basic salts according to the presence of H or 
OH radicals. Similarly if either one molecule of an acid (dibasic) 
or a base (diacidic) is neutralized by two different bases or 
acids, then we get what are termed “ mixed salts ” Thus. 

(i) KOH + NaOH + H2SO4 = H2O + KNaSO-t 
{iil HOC 1 -*■ HC 1 + Ca(0H)2 = CaOClz + 2H2O 

i 

'Ca.OCl Cl) 

N.B. A mixed salt is not to be confounded vritb a. 
mixture of salts, thus * — 

KOH + NaOH + aHCl = 2H2O + KCl + N?CI. 

On removing water a mixture of the different molecules of 
potassium and sodium salts will come don n 

Hydrogen salts Now as we attribute acid pioperties to 
H -ions which exist m solution, then wherever they are not 
formed (1 t either in undissociating solvents or in the solid 
form) say solid oxalic acid, liquid nitric acid or gaseous hydro- 
chloric acid (gas), we should not get acid properties, and so i» 
really the case. These and similar compounds are called 
“ hydrogen salts ” 

f Double and Complex Salts 

So far we hive considered the different cases of compounds 
formed by the neutralization of acids and bases brought to- 
gethei m equivalent or different proportions But at times 
even salts already formed, if are brought under the influence ot 
each other, they interact not as in the double decomposition, 
but form a sort of association which may lead to either 
complete amalgamation of the two compounds resulting into 
absolutely different properties or may be of a partial type 
resulting int o mere' juxtaposition of the different molecules in 
the new molecule formed. The first type is called the “ Com- 
plex Salt ” and the second one the '(^Double Salt " 



J<»4 CHEMICAL THEORY AND ARITHMETIC. [CHAP. 

Double Salt When a solution of one salt (potassium 
sulphate) is mixed with a solution of another (aluminium sul- 
phate) and if these solutions are of a stated concentration, then 
on evaporation of the mixture it often happens that instead of 
getting one or the other salt crystallized out, both the salts 
come down together with the formation of so to say one com- 
pound Here in the above case instead of potassium sulphate 
or aluminium sulphate coming down m separate crystalline 
forms, both of these come down together as potassium- 
alminium-sulphate with a fixed quantity of water of crystalliza- 
tion. Similar is the case with 3NaF AIF3 , 2KF.S1F4 , KCI - 
MgCl2 6H2O etc. 

\ 

When any of these salts is dissolved m water the solution 
acts as if it contained a mixture of the two salts Thus, say if 
Carnalite KCI.MgCl2 6H2O is dissolved m water the solution 
behaves as if it contained a mixture of potassium and magnesium 
chlorides, both of them are freely ionized Reactions for all 
the different 10ns 1 e. K' or Mg or Cl' are got m the analysis 
“ Thus a salt of this kind which m solution decomposes 
into its constituent salts and then gnves reactions 
for their individual 10ns is called a Double Salt " 

Complex Salt * Similar to the double salts when solu- 
tions 'of different salts are mixed, at times instead of getting a 
salt showing properties of the original substances, quite new 
properties aie found to be given nse to in the new compound 
separated Thus if potassium fluoride K2F2 and silicon fluoride 
SiF 4 solutions are brought together we get a compound 

K2F2 + S1F4 * K2S1F6 

From the above analogy we expect to get reactions of K, 

Si "" and F' but nothing of this kind happens The silicon 
and fluorine seem to have lost their properties and we get quite 
a new radical S1F6" instead Same is the case with K3HgCl4, 
Ag(NH3)2Cl. “ Compounds of this kind which yield 10ns 
other than those of the salts from which they may be » 
formed are called Consoles Salts ” 
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Thus in all we have six varieties of salts. 

(1) Normal (some times wrongly called neutral) NaCl, CaCl2. 

( 2 ) Basic . Cu OH Cl. Bi NO3 (OH)i 

Bi(N 03 > 20 H 

Again those salts where the quantity of the metal or the compound 
radical exceeds the number of atoms of the displaceable hydrogen m the 
acid e g 

HgSC>4 aHgO and CuS04 aCuO 


Hg(N 0 3 )2 *HgO 
HgC 0 3 2 HgO 


CUSO4 5CUO 


If we conceive a radical * metallyl 1 the formation of such salts may 
be accounted for thus — 


HgO HgO — NO3 

/ \ / 

Hg SO4 , Hg 

\ / \ 

HgO HgO— NO3 


SO4 


CuO-CuO-CuO 

/ 

] 

CuO-CuO-CuO. ' 


Again these basic salts fonned by dibasic acids and diacid bases or 
dibasic acids and tnbasic acids may be explained as • — 

CuC0 3 .Cu( 0H)2 and 2PbC0 3 .Pb(0H)2 


/ 


OH 


OH 


Cu 


./ 


\ 


Pb 


Cu 7 

\ 


0 \ 

0< 


\ 


€=0 


°N 

O'' 


c=o 


Pb 


/ 


OH 


\ 


./ 


>c=o 


Pb 


(3) Acid. 


OH 

N?HS 04 ; NaHC 03 . 
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,(4) Mixed Ca.OCLCl , KNaS0 4 . 

Mixed salts may be of two kinds — 

( 0 (p) one base and different Acids 
(b) one acid and different bases 

(u) The term mixed salt is however usually applied only to those 
salts in which two different meials replace the hydrogen 111 
one molecule of an acid 


(5) Double.. 

(6) Complex 


••• 


. Al 2 (S 04 ) 4 . 2 ijHz 0 

... K 4 Fe(CN)6 , KzHgCU, 



CHAPTER XV. 


Hydrolysis. 

:o : 

It is a very common experience that when we take equiva- 
lent quantities of acids and bases, though we expect to get 
salts which should show neither any acid nor any basic reac- 
tion to litmus, but on the contrary should be absolutely neutral 
in reactions, still we realise that what we expect is not always 
the case. We should get what should really be called “Neu- 
tral salts" as opposed to acid and basic salts But we know 
that we cannot call them * neutral " and have to call them 
*• Normal Salts”, because they do not necessarily show the 
same reaction though they are formed with equivalent quan- 
tities of acids and bases What is the reason for such a peculiar 
behaviour on the part of these normal salts ? Does this mean 
that the reaction of neutralization does not complete itself ; or 
does it mean that a new kmd of either an acid or a base is given 
rise to v If we hold the first view, then the ionic theory is 
defective Even if the latter statement is accepted still how 
would tins help us to get only one kind ofreaction i. e. acidic 
or basic ? Of course here we may assume that either the acid 
or the ba«e of the original products does not dissociate com- 
pletely and thus giving chance to the other to show its chemi- - 
cal reaction All this is quite alright when a salt is being 
formed and the formation of H2O molecules from the hydrogen 
and the hydroxyl ions leaves only the other ions to combine 
with each other. These ions, as we know from the ionic disso- 
ciation, have themselves no reaction on litmus, and hence if the 
salt is formed once, we should have no reaction on litmus if we 
dissolve the salt in water (ionizing solvent). 

But we do find that normal salts in solid condition when 
dissolved in water give often reaction to litmus. This clearly 
goas to prove that an acid or a base is once more regenerated. 
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How is this to be accounted lor, unless we agree in supposing 
that water itself acts as a compound or a salt giving nse to 
double decomposition in the reaction with the dissolved’ solid 
Thus — 

NazC03 + sHOH aNaOH + H2CO3 

But this presupposes that H2O molecules are not undisso- 
ciable as was supposed when we discussed about neutralization 
There we regarded water merely as a solvent and the possi- 
bility that it is electrolytically dissociated had not been taken 
into account. There is however a considerable amount ol 
evidence to the effect that water itself is ionised, though to a 
very slight extent according to the equation 
, H2O H' + OH' 

because the conductivity of pure water, though veij' slight in- 
deed, is just perceptible This clearly shows that water is very 
slightly split up into hydrogen and hydroxyl ions as expected 
above 

From the foregoing facts it is evident that water is both an 
acid and even a base, as it contains both hydrogBn and hydroxyl 
ions Should either of these ions be removed wholly or in part 
by a 'reaction between them and some other substance dissolved 
in watef, more water molecules ionize to keep the co ncentra- 
tion at the equilibrium stage. 

Having accepted the fact that water can act either as an 
acid or as a base as the conditions would demand, it becomes 
quite obvious as to the behaviour of the normal salts in solution. 
It is a simple case of double decomposition, where the water 
acts either as a competing acid or a base with the basic or the 
acid radical of the salt We know that if two acids are allow- 
ed to compete for the same base, the latter distributes itself 
between the acids in proportion to their activities, and we also 
know that the ratio of the activities of the two acids is the 
ratio of the extent to which they are ionized Now let us con- 
sider the cases of the different type of salts 
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(1) Salt of a strong: base and a strong aoid. In the 
case of a salt of a strong acid and a strong base, such as sodium 
chloride, we cannot conceive that such a weak acid as water 
would take an appreciable amount of the base (or vise versa) 
and the available experimental evidence quite bears out this 
expectation. 

In other words an aqueous solution of sodium chloride 
contains only Na* and Cl' ions and non-ionized sodium 
chloride, in appreciable amounts and is therefore neutral to 
litmus. 

(2) Salt of a strong base and a weak acid- In the 
case of a salt of a strong base and a weak acid, such as sodium 
carbonate, water as an acid is comparable in strength to car- 
bonic acid and there is therefore a distribution of the base 
between the acid (H2CO3) and the water (the acid H.OH) 
according to the equation 

Na2CC>3 + 2H20 7 — K 2NaOH + HZCO3. 

the proportion of sodium carbonate and sodium hydroxide 
depending upon the relative strengths of water and carbonic 
acid under conditions of the experiment. From the equation 
it is evident that sodium hydroxide and carbonic acid must be 
present in equivalent proportions, and since the hydroxide is 
much more highly ionized than carbonic acid, the solution con- 
tains an excess of OH' — ions, and must therefore be alkaline 
which is actually the case. 

This above case can be also explained by anothei way of 
argument, and it is thus 

Sodium carbonate is the salt of a weak acid and a strong 
base and is fully ionized : 

Na2(X>3 7 —*- 2Na* + 

aHsO 2OH + 

The carbonate ions atonce unite with any hydrogen 
10ns they chance to encounter, to form non-ionized molecules 

'23 — 


COf 



170 CHEMICAL THEORY AND ARITHMETIC. [CHAP, 

of carbonic acid as this is a very weak acid u e. the least 
dissociated. This will go on till the concentration of the 
carbonate ions has been very materially reduced, and a cones- 
ponding number of hydrogen ions removed Equal numbers 
of sodium ions and hydroxyl ions, the original partners of the 
carbonate and hydrogen ions respectively, will remain in the 
solution. Owing to the presence of these hydioxyl ions the 
solution will turn red litmus blue, and goneially speaking, be- 
haves very much like the solution obtained by dissolving caustic 
soda in water. 

III. Salt of a "weak base and a strong acid lu the 
case of salts of weak bases and strong acids analogous con- 
siderations to the above one apply to the action of water. Let 
us take the case of ammonium chlonde Although wateT is 
much weaker than ammonia as a base yet the salt is slightly 
decomposed by water 

NH4CI + HaO NH4OH + HC1. 

and as hydrochloric acid is much more highly ionized than the 
hydroxide, the solution contains an excess of H’— ions and is 
therefore acidic. Again suppose we dissolve zinc sulphate, a 
salt of a weak base and a strong acid, it is fully ionized, bul the 
metallic and hydroxyl 10ns speedily unite to form non-ionized 
molecules of the metallic hydroxide , and at the same time 
hydrogen 10ns gradually accumulate, so that the liquid is able 
to turn blue litmus red, or others iso to act as an acid. 

ZnS 0 4 t=± Zn" + SO4" 

2HsO 3=* 20H'+ aH* 

fi 

Zn(OH)2 -—*■ undissocmted 

As can be easily foreseen, salts of weak acids and weak 
bases are hydrolysed (decomposed by water) to a still greater 
extent under equivalent conditions than those belonging to the 
types just considered! and thus when both the acid and 1 the 



XV,] 


HYDROLYSIS. 


I?' 


base are weak, the processes which have jest been explained 
will mutually support one another and appreciable quantities of 
the undissociated acid and base will result. The production of 
an excess of hydroxyl and hydrogen ions will on the other hand 
be diminished, since the cations of the base will use up one, 
and the anions of the acid the other. 

Thus in short we have seen that water plays a very im- 
portant role in the behaviour of salts, and so to say by acting 
either as an acid or as a base, brings about double decomposi- 
tion or in other words decomposes a salt This decomposi- 
tion of a salt by means of water molecules is commonly 
termed “Hydrolysis” (hydor = water; lysis = loosening). 

N. B - 

(i) As the concentration of H' and OH —ions of water is 
practically constant on dilution, whilst the H'— ion concentra- 
tion of the competing acid, or the OH'— ion concentration of the 
competing base diminishes with dilution, the hydrolysis of salts 
of the first two types considered, increases on dilution. Fur- 
ther as the ionisation of .water increases rapidly as the tempera- 
ture rises and the strength of the other acids and bases is only 
slightly affected by increase of temperature, the hydrolysis of 
salts is markedly increased by raising the temperature. 

(n) Salts of a strong base and a weak acid give on hydio- 
lysis alkaline reaction t. g. Na2HP04, KaCOj Sodium phos- 
phate (secondary) although an acid salt is still basic m reaction. 

Similarly a solution of a salt of a weak base and a strong 
acid becomes acidic on hydrolysis, t g, Q1SO4, Al2(S04)3, 
These salts are norms! salts, but are acidic in character 
though there is no acid present in them 1 1 though they are not 
acid salts 

(in) Whilst judging the probable litmus reaction of a salt 
it is not only sufficient to know and remember as to the 
strength of the original acid or the base, but it is absolutely 
essential to remember the acidity or the basicity of the original 
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base and the original acid. For we know that dissociation 
takes place in stages and during this, it is almost invariably the 
case that the ionization in the first stage is much greater than 
the second and very much greater than in the third stage. 
Thus in the case of phosphoric acid, it is a fairly strong mono- 
basic acid, a much weaker dibasic acid, and as a tnbasic acid it 
is extremely weak, and from this it follows that . — 

(1) NaHaP04 is quite a stable salt. 

(2) NazHPOjj is slightly hydrolysed. 

(3) Na3P04 is almost completely hydrolysed 

* 

(x) NaH2P04 — *■ almost neutral 

(2) NazHP04 — * slightly basic. 

(3) Na3P04 — ► Strongly basic. 

(iv) It should be remembered that the strong acids are 
hydrochloric, sulphuric and nitric, and strong bases are potas- 
sium, sodium and calcium hydroxides. It is now quite evident 
why salts of alkalies 1 e. the metallic radicals of the last group 
in qualitative analysis must be either giving nentral or basic 
reaction and if the solution gave an acid reaction in the preli- 
minary tests, it can never be one of the alkali metals. 


(1) What will be the reaction to litmus for the solutions 
of . (1) Ferric chloride, sodium sulphide, copper nitrate, sodium 
borate, , calcium sulphate, ammonium carbonate. 

Give reasons for your answers. 

(2) Complete the equations 


10 HC 1 
ro HC 1 


+ 15 KOH 
+ 7 KOH 
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10 KOH + IS H2SO4 = 

10 KOH + 3 H2SO4 = 

7 Ca(0H)2 + 10 H2SO4 m 

15 Ca{0H)2 + 8 H2SO4 = 

Show by ionic equations as to how you arrive at your re- 
sults and show what will be the reaction to litmus of the above 
mixtures. 

(3) Alum is used as a very efficient water purifier in large 
storage tanks and reservoirs. It is said that this purifying 
property depends upon the hydrolysing influence of water on 
the salt. Explain how this happens. 



CHAPTER XVI. 


Electro-Chemistry. 


Electrolysis. 

Electro-chemistry is chemistry as concerned with electricity. 
It deals with, the study of the phenomena by which chemical 
actions give rise to electricity and by which electric current 
produces chemical actions. 

(1) Every ahenuoal action produces electricity • 

When a base and an acid are brought together and when 
they combine there is electricity produced , the base taking ‘ — ve' 
electricity and the acid '+ ve' electricity The same pheno- 
menon occurs when a metal is dissolved by an acid but as the 
two electricities combine together we do not perceive it To 
make it apparent'the combination should take place outside the 
system and this is brought about by the “ourrent” or the 
‘circuit’ 

(2) Electric discharges — The electnc spark may pro- 
voke a number of chemical reactions when passed through gases 
or vapours. Dus is probably due- to the high temperature 
which is reached after the discharge. 

In the present chapter we deal with the reactions and 
quantities that are produced when an electnc current is made 
to have its effect on solutions. The solutions only of a certain 
type of compounds aTe decomposed by the current and the 
products of decomposition either are deposited in or are evolved 
out of the solution This kind of reaction is called electrolysis 
Thus this ljind of decomposition is defined * 

Electrolysis < Electron = amber, and lyo= dissolve) is the 
act of decomposition of an electrolyte into its radicals when an 
electric current is passed through it 
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* Electrolj tes are, as already said, second class conductors, 
t in the case of the conduction of a current by an electrolyte 
it will be noted that an actual transference of the material takes 
place, accompanied by chemical changes ; whereas in ordinary 
conduction {First class) as in the case of metals, neithei 
transfei of material nor chemical changes occur. 

(The aqueous solutions of acids, bases and then salts are 
m general good electrolytes, though some conduct much better 
than others. There are also some non-aqueous solutions which 
are electrolytes but they are relatively unimportant.) 

Faraday’s Laws of Electrolyis : Throughout the study 
of electrolysis, a striking relation between the electiolytic 
behaviour and the chemical behaviour ol vanous substances 
mil be observed. This suggests a very close relation between 
electricity and all chemical activities Faraday established by 
experiments the following two laws, which aie known respecti- 
vely , as Faraday’s First and Second laws of electrolysis 

First Law • The mass of a substance deposited or libe- 
rated at an electrode is proportional to the quantity of electri- 
city that has flowed through the electrolytic cell 

or 

For the same electroly te, the amount ol chemical action is 
proportional to the quantity of electricity which passes. 

Second Law : The mass of a substance deposited is pro- 
portional to the chemicaleqmvalent of the ion t.e .proportional 
to the atomic weight of the ion divided by its valence, 

or 

The quantities of the substances liberated at the electrodes 
when the same quantity of electricity is passed through different 
solutions, are proportional to their chemical equivalence. 

The second law therefore states that = che- 

mical equivalent ] when the same quantity of electricity is 
passed through solutions of such eleettolytes as Ka2bO<t 
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A?NC>3, CuSO^, A11CI3, tlio relative amounts of hydrogen, oxy- 
gen and the metals liberated are according to what follows : If 
the experiment is arranged by taking four electrolytic cells A, B, 
C and D containing the solutions indicated, and placed in series. 



Na2SC>4. AgNC>3 CuSOj. AuCfj 

Pig 16 


the same current consequently passes through each , and hence 
the same amount of charge must be carried through cell B by 
silver ions as through C by copper ions and so on. 

Since the current is flowing to the right and since the 
metal ions are positive and therefore travel in the direction of 
the current, it is evident that, the electrodes A’, B', C' and D' 
will gain weight due to the decomposition of the metallic 10ns. 

For these reasons these electrodes may be called * gain * 
plates. If the metals are all monovalent (valence 1) then the 
same number of atoms of each would be deposited and the gain 
of weight for the different gain-plates would simply be propor- 
tional to the respective atomic weights of the metal 10ns 
deposited on them by the current Bnt since the valencies of 
different metals are not the same, the amounts of different ele- 
ments -metals- deposited would be in proportion to the fine-" 
tions of their atomic weights or in short, in propotion to their 
equivalent or combining weights. As here . — 

Electrolyte : Na2504, AgNOj, CuSCXj, A11CI3 


Electrochemical 

equivalent. 


_ 1 6 

= Ag= 


Au = l -f. 

Therefore the quantities liberated will be according to the 


above in the ratio of 
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H . 0 * A? . Cu Au :: i : 8 : to8 . 51 S * 65-66 or again it i- 
found that though the elements in the different eloctrolytes he 
the same stall the quantities liberated depend directly upon the 
equivalence and not upon the atomic weight which is a fixed 
quantity while the other is not Thus in figure 17 we find that the 



Pig 17 

quantities of hvdronen evolved are the same, yet the quantities 
of iron deposited are different and these ire in the ratio of 

^ According to the valency of ir n which is divalent in 

one case and tmalent m the other case. 


Hence tne above law (second) may* be stated rather differ- 
ently as follows — 

“ The electro-chemical equivalents (the proportions of 
different elements set free bv the same quantity of electricity) 
are proportional to the chemical equivalents 

Thus as seen above, under the influence of an electric 
current the salt undergoes electrolysis and is resolved into 
radicals of two kinds viz , 

( i) The positive or metallic radical like Na\ Ca", NH4' 
etc 


(n) The negative or nan-metallic radicals like Cl', CN\ 
S 0 4 ", NOs' etc 

The positive radicals as seen are carried with the current 
and liberated at the cathode A (Kate = down, hodos - a way) 
t. the electrode where the current leaves the liquid; the 
negative radicals aTe carried m the opposite direction and are 
set free at the anode (ana «» upwards, hodos «* a way) where 
the current enters the liquid 


l 
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When electric current is passed through an electrolyte the 
products that come out at the end as a result of electrolysis are 
the result of either the direct decomposition or may he gn en 
rise to, by the products formed by the first decomposition of 
the electrolyte The first kind of products are called primary, 
and the second kind are called secondary. 

Products of electrolysis. 

1 J_ 

■I ~ , . L 

Primary Secondary 

In the case of a binary salt, such as sodium chloride the pri- 
mary products of electrolysis are Simple Radicals containing 
only one element such as sodium or chlorine , but in other 
compounds these are replaced by Compound Radicals con- 
taining more than one element, as in the ammonium salts, 
cyanides, nitrates, ferrocyanides etc. 

Sodium chloride ... NaCl Na + Cl 

Ammonium chloride NH4CI * NH4 + Cl 

Sodium cyanide ... NaCN * Na + CN. 

Sodium nitrate ... NaNOj > Na + NO3 

Potassium fenrocyanide K4Fe(CN)6 — > 4K + "Fe(CN)6 

When the primary products are liberated at the electrodes 
they frequently undergo decomposition or chemical change, 
giving rise to secondary products, by interacting 

(a) with one another, or 

(b) with the electrode, or 

(c) with the electrolyte, 

(a) Polymerisation . — When molten silver chloride is 
electrolysed between a silver cathode and carbon anode 
AgCl • — Ag + Cl 

the silver atoms appear, perhaps without chemical change as 
metallic) silver but the chlorine atoms unite m pairs to 
form molecules of chlorine gas 
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Cl + Cl = Clz. . __ _ 

So also when a cyanide is electrolysed \ve have at the 
anode the formation of cyanogen gas from pairs of cyanogen 
redicals, 

t 

CN + CN - (CN)a. 

Similarly the electrolysis of fairly strong sulphuric acid 
gives hydrogen gas at the cathode and per-di-sulphuric acid, as 
shown in the following equation : — 

Primary decomposition * — 

H2SO4 — »■ H + HSO4. 

Secondary change : — 

t 

( i) at the cathode : H + H = H2 

(ii) at the anode HSO4 + HSO4 = H2S20s. 

pcF-di-snlpbunc acid 

(b) Attack on the anode In other cases the anode is 
attacked by the negative radical, as for instance, 

(1) when silver nitrate is electrolysed in a silver volta- 
meter : NO3 + Ag = AgN(>3 

t») nhen copper sulphate is electrolysed between copper 
plates : SO4 + Cu = CUSO4. 

(hi) when lead nitrate is electrolysed between lead plates 
2NO3 + Pb = Pb(N03)2. 

In these cases the negative radicals dissolve from the anode 
just as much metal as is deposited at the cathodb, so that at 
the end of the action the composition of the solution is un- 
changed, but a transfer of the metal has taken place from 
the anode to the cathode. 

(c) Interaction with the Electrolyte In other cases 
the primary products interact with the electrolyte, as at the 
cathode in the electrolysis of the brine 
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- ’ . "Primary decomposition * — 

' NaCl = N a + Cl. 


/ 


Secondary changes 


1 

At the cathode Cl Cl - Cla 

% 

t 

At the anode . 2N.1 + 2H2O = 2 NaOH + H2. 

or At the anode m the electrolysis of leAd nitrate between 
platinum electrodes, here plumbic nitrate is perhaps an inter- 
mediate stage is the production of lead peroxide 


Primary' decomposition 

Pb(N03) = Pb + 2NO3 

Secondary' changes at the anode 

aNO$ + Pb(N03)2 = Pb(N03) 4 

plunjboUB nitrite plumbic nitrate 

2H2O + Pb(N03)4 - Pb02 + 4HNO3 

plumbic nitrate Lead peroxide 

Now so far what we have considered m the different 
changes that take place in ad eleotrolyte, due to the passing of’ 
the electric current is this, that in all these cases we presuppose 
the very existence of the different radicals. The current that is 
being passed is doing only the directing of these radicals to the 
different poles In all these cases we have always kept in mind 
that the poles of the battery have either (firstly) no effect on 
the elctrolyte, or (secondly) their exchange may not affect the 
individual reactions But such is not at all the case 

Poles are not only affected as the result of the secondary 
reaction of the electrolysis, but these themselves have a very 
great influence on the decomposition of the elctrolyte. 

Everbody must have noticed in the very' common experi- 
ment of dissolving copper sulphate in water that if the blade of 
a pen-knife is used as a stirrer, a fine reddish deposit of copper 
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appears on the blade of the knife, though there was no electric 
current as such utilized, just as in electrolysis, while if a pencil 
is used no deposit of any kind appears on the pencil. 

Just as in tho above case iron knife and copper solution 
behave, similarly other metals also behave in the same way and 
displace one another, of course, not indiscriminately but 
according to a certain gradation or order depending upon the 
individual strength of displacing or of being displaced. These 
metals if they are arranged according to their displacing power 
.are displaced in tho following order • — 

( i) Mg -> A1 -* Mn -» Zn -» Cd -* Fe Co — *• Ni -» Sn. 

(ii) Pb -* Bi -* Cu — Hg -* Ag Pt -*• Au. 

• 

Again it is also noticed that if any of the metals of the first 
(0 group say Zn, is treated with a dilute acid say hydrochloric, 
then the reaction produces an electric current of a certain volt- 
age. The voltage of the current is not found to be the 
same with the different metals, but is found to increase or de- 
crease as the metal be above -Al,-Mg,- or below - Fe, Co - 
zinc in the above order It is thus possible to arrange the ele- 
ments in a senes representing the potential difference in volts 
which is developed between the metals and the solutions of 
their salts. 

The order here as in the above case is found to be virtually 
the same, and is called 1 Electrochemical Series ’ of the elements 
where non-metals are also included 

(i) K - Na - Ba - Sr - Ca - Mg - Al - Cr - Mn - Zn - Fe etc 

(ii) H - Bi - Cu - Hg- Ag - Pt - Au ; 

(iii) Si-C-B-N-P-S-I-Br-Cl-O-F. 

Just as the metals have a tendency to displace or to be dis- 
placed by one another on account of their difference of poten- 
tials, similarly metals even if they are brought in contact with 
the solntion of their own salts will usually go in solutions, of 
course, till an equilibrium is established This tendency either 
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of the metals displacing one another or going in solution or 
even in some cases of being deposited is due to the tendenc}' ot 
these metals to become ionic This tendency is regarded as a 
" Solution Pressure ” which drives the ions of the metals in- 
to solutions no matter whether the ions aie of the same valency 
and of the same kind 

Herein the number and kind of the velency of the ion is 
not the diffeientiatmg factor but it is the ' degree of tenacity' 
of assuming and holding the electric charge This degree of 
tenacity is called • Electro -Affi nity of the element.' On 
account of this (i) K and Na , (2) Ca and Mg, (3) Cu and Hg , 
(4) CandS,or(5) land Cl even though they have the same 
and also similar valencies still, the first elements of the pairs will 
be displaced by the second (element) ones 

On account of these facts ti we take the same solution say 
copper sulphate, and electrolyse it bj a current passed through 
poles of (1) copper, (2) platinum and (3) carbon, respectively then 
in the first case, copper from the postive pole will go in solution 
more and more and get deposited on the negative pole and 
thus the concentration of the solution 
will remain the same while the 
positive pole will get diminished, but 
the loss in weight here will be counter- 
balanced by the gam m weight by 
the negative pole on which the 
copper 10ns get neutralized and 
deposited 

Bur m the second and the third case as we can see from 
the * electro-affinity 1 series that copper is higher than either 
platinum or carbon, no element of the pole can go in solution 
in tins copper solution, and thus when neutralization of the 
electric charge takes place at the different poles the concentra- 
tion of the copper sulphate solution gets weakened by the de- 
position ot copper at the negative pole v ithout any equivalent 


— Cu 


-Cu 


Cu 


S0 4 " 


CuSC>4 
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addition to substitute the loss So in the end the result would 
be that all copper from the solution will be removed and the 
sulphuiic acid mil be left out, but at the same time oxygen will 
be given out at the positive pole due to the action of SO4 upon 
water: — SO4 + 2H2O = H2SOa + 02. 

In all these considerations it must have been noticed by 
this time that the strength (voltage) of the current is assumed 
to be a fixed one But it must be clearly borne in mind that 
change in the voltage of the current also brings about altera- 
tions in the reaction. 

The 'solution tension’ of the metals is best demonstrated 
when a strip of Jane is dipped m a solution of lead nitrate The 
solution tension of zinc is greater than that of lead,’ so that 
when a strip of zinc is dipped in a lead solution it forces the 
zinc * ion ’ into solution and becomes nega- 
tively charged. The lead ions are therefore 
attracted by the zinc and discharged, 1 e , 
lead is precipitated from the solution The 
process stops when all the lead of the solu- 
tion has been precipitated provided when 1 
zme is m excess The precipitated lead 
adheres to zinc in the form of dendritic cry- 
stalline mass, which formation is known 
popularly as * lead tree ’ Fig 18 

Fig 18 

Not only the metals but every solid, like sugar, when 
brought in contact with water has a tendency to pass into solu- 
tion From the analogy with metals and solutions we may 
say that every solid has a definite solution tension. The 
solution tension in the case of soluble solids is best illustrated 
of metallic silicates, by a familiar experiment . 

' Silica Garden 

Alitre beaker is filled with a solution of sodium silicate 
(sp gr. 1.1) and 'crystals of say cobalt nitrate, cadmium nitrate, 
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copper sulphate, ferrous sulphate, nickel sulphate, magnesium 
sulphate etc., are allow ed to fall into the beaker so as to Test 
at different parts at the bottom The whole is allowed to stand 
over night in a quiet place when plant like shoots are obtained 
which have a form and colour characteristic of each metal 

Further, knowledge of electrochemical senes is of great 
practical value Whenever combinations of various metals are 
exposed to the atmospheric action there is an opportunity to 
form cells of short circuit In general the metal with the great- 
est solution tension goes into solution and the other remains in- 
tact Thus the rusting of tinned iron is due to galvanic causes 
The atmospheric moisture containing carbon dioxide CO2 acts 
as an electrolyte with the combination ' tinned.-iron ’ in such a 
way that iron becomes the HIssoh ing electrode - 

+ l 

Iron H2O + CO2 1 Tm. 

1 = HsCOt 

The metals being in contact the CO3" is discharged on 
‘+ iron’ with the formation of Fez(CC>3)2. The Fe2(CC>3)2 
formed is then transformed into rust by thB loss of CO2. 

For similar reasons a piece of galvanized iron (zinc plated) 
does not rust 
Examples . — 

(1) A certain electric curient is passed through solutions of 
sodium chloride, sodium sulphate and copper sulphate What 
will be the quantities of products from all the three solutions if 
from copper sulphate solution 63*6 grms of metallic copper are 
liberated. 

Now from the know ledge about primary and secondary 
products in electrolysis we know that we will be getting the 
following products : 


(I) 

NaCl — * 

H 

and 

Cl 

(*> 

NazSOa v 

H 

and 

0 

( 3 ) 

C11SO4 — 

Cu 

and 

O. 
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Second Iy we know that the quantities of the liberated pro- 
ducts will be in their equivalent ratios from the law of Faraday. 

\ If copper deposited is 63*6 grms m weight tne several 
quantities of hydrogen, chlorine and oxygen mil be m proportion 
to the equivalents of copper. 


Equivalent of oxyg en wt. oi O de posited 
” Equivalent ot copper = wt. of Cu deposited 


S wt of 0 deposited 
•• 318 ~ 63-6 


16 grms. 


Similarly for hydrogen and chlorine which are respectively 
2 grms and 71 grms. 

( 2 ) The same current is passed through cells containing 
solutions of (a) HC1, (b) CUSO4 and (c) AgzS04. What pro- 
ducts are obtained in each case ’ If one gram of silver is 
obtained from silver sulphate, what are the weights of the other 
products Cu = 63 6. 


(3) An electric current is passed simultaneously through 
aqueous solutions of the following : (a) KI, (b) CuSC>4 and 
(c) cone. HCl. What substances and what quantities of each 
will be formed when the current passed was 96,540 coulombs. 

(4) How many coulombs of electricity would be required 
to deposit 1000 grms. of copper from a solution of cupric salt ’ 
One coulomb will deposit o'ooixi8 grm. of Ag. 


( 5 ) A current passes simultaneously through acidulated 
(with sulphuric add) water, a solution of copper sulphate and of 
silver nitrate. What substances are produced in each case and 

how mny grams of each, in the time that 10 c. c. of hydrogen 
at ft f P are liberated from water. 6 


(6) Sodium sulphate and copper sulphate solutions arc 
placed m the same dreuit It is found that by the time 500 c c 
of hydrogen at 27 0 and 740 mm were evolved in the first cell, 
1 . grms. of copper was deposited in the second cell. Deter- 
mme the equivalent weight of copper 
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Valency. 

Meaning- of the term ' f liu w ord lalencc route- from 
the I-rendi word '• axaleni" mcanini;, descendin'; or hanguii; 
down, draper) hanging round the bed or the window, ten- 
tacles w ( th which things could ht caught and kept bound to- 
gether. 

Conception .-—On u' a'uii.itig the foiimd.e of 

(0 the bases • 

KOll , Ca(OlI).*. Al(OH)3 and Sn(Olf); . 
or 

(z) the lnd ride- 

HCI, HaO, H^XfXlIs) and H-C(CHa) 

or 

(3) the o\idc: 

HzO, CaO, AI2O3. SnOz, P2O5, SO3, Mn 2 0 7 and 0 s 0 4 , 

or 

also looking at the molecular composition or even man v gaseous 
or gasifiablc bmarv compounds we find that it is as follows — 

Rzl'z, HCI, HBr, III, HzO, Hzb, HzSo, H2TC, 

KH 3 , PH 3 , AsH 3 , BH 3) CH 4 , S1H4, PCI5, WC 16 etc. 

Prom the above formulic we find that each element (atom) 
has a peculiar property of combining with a definite number of 
other elements (atoms) From this it j b possible to forma 
conception of the combining power otherwise called ‘Valency' 
(varying combining pow ers) of the elements 
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Definition : Valency or Valence is that properly of an 
element which expresses the largest number of either atoms 
with which the atom of a given element is known directly to 
combine or which determines how many atoms of another kind 
it can hold in combination. 


From the review of the above formulas we can see that 
there are different valencies possessed by different elements and 
for convenience we must have a standard for measuring the 
-same No binary compound in which one atom of hydrogen 
combines directly with more than one atom of another element 
is known 


F-H, 0< 


/H 

N^H 


H 

r /H 

H 


Standard of Valency Hydrogen valency hence is 
taken as the standard valency, t. e. hydrogen is considered as 
univalent or monovalent. The rest are determined accord- 
ing to this basis and are called di-, tri— , tetra-. and so on e.g. 


F-H, 

/H 

°\ • 
n H 

/H 

<§■ 

H 

C \H • 


H 

Monovalent 

Divalent 

Tri valent 

Tetravalent 

or 1 ' 

or 

or 

or 

Univalent 

Bivalent 

Tervalent 

Quadrivalent 

or 

or 

cr 

or 

Monad. 

Dyad. 

Triad. 

Tetrad. 


Further more it has been found that similar relationships 
are to be found in the compounds which non-metalbc elements 
form with elements other than hydrogen. Thus for 


H 

H 


Cl 

\H 

H 


H 


C \ 

n H 
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Connotation of the 'word ‘Valency.* Here it must 
be quite clearly undeMood that Me are not Rt all dealing 
with intensity of attraction between the elements It is 
not a measure of the amount of force but only a measure of 
the capacity in number 

Hence valency is distinot from combining force or 
affinity 

From the abo\e and many other similar facts the conclu- 
sion was drawn, that the valency of an element, is .t constant 
propertj But it was soon found out that the \ iew could not 
be maintained without modification 

The existence of gas molecules of HF, HCl, HBr, HI etc 
shows that the elements F, Cl, Br and I, behave as monovalent 
and accordingly may be employed as standards in the deter- 
mination of valency But this would lead to the conception 
of .1 higher halogen valency PF5, PCI5, CI2O7. 

Upholders of the theory of the constant valency imagined 
the so called molecular compounds FCI5 — PCI3.CI2. But 
PCI5 dissolves as such in water and phosphorus fluoride Pi's 
is gaseous at ordinary temperature and h.is undoubtedly the 
molecular formula PF5 

By molecular compounds were meant substances whose 
structure was inexplicable from the ordinary laws of fixed 
valency CuS 0 4 sHjO, double salts, alums, complex salts, 
ferro-cyamdes, chloro-platmates It was said that the union 
of the constituent atoms, in such compounds was of a nature 
different from that in ordinary compounds This distinction 
is unwarranted by facts KaPtClfi, K 4 Fe(CN)o. CUSO4.5H2O. 
The difference between the ordinary and the molecular com- 
pounds is not intrinsic, but lies only m the fact that the latter 
is generally more readily dissociated than the former 

Variable Valency From the above it is evident that 
valency though a constant property is not so rigid as is thought 
to be, but is variable and changes both with regard to the same 
element and also sometimes with regard to different elements 
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Unsaturated valency. Valency is sometimes so that 
there is a possibility of multiple bonds like — 


H /H 
X ;C = C<^ or 


h/ 


H 


H— C=rC— H, 


as elements appear to display fewer than the normal number 
of valencies Thus the formula of carbon monoxide is 
=C = = 0 , and two valencies of carbon seem to be entirely 
unoccupied The same sort of thing is the case with nitric oxide 
— N=t =0 That the valencies are really 'unoccupied and 
not actively in combination is borne out by the fact that both 
the compounds readily unite with chlorine, foimmg carbonyl 


Cl 


chloride ^ C =* = 0 , and mtr osyl chloride Cl — N = 


=o 


respectively in which .ill the valencies are fully employed. 


The changes m the valencies confine themselves to nanow 
limits, and it is very commonly noticed that the changes of 
valency in the majority of instances take place by pairs of 
units i e. by twos (Law of Even numbers) e g 


Sulphur 

is HaS, 
(di-) 

S02 

(tetra) 

and 

SO3 

(he\a). 

Pi.ospliorus 

is 

PCI3 

(tri) 

and 

PCI5 

(penta) 

Nitrogen 

IS 

nh 3 

(tn) 

and 

NH4CI 

(penta) 


Here again are to be found notable exceptions e. g NO, 
CIO2, CrCl2or3, FeCl2or3, WC^orsorfi or InCl2or3, 

Therefore not only the valencies of the same element vary 
m different compounds but they not even vary in a regular 
manner, such as remaining either odd (penssad) or even 
(artiad) 

Although many elements change their valency still at the 
same time an element almost always shows a characteristic 
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valency — a valency which lemains constant throughout a large 
and important series of compounds e. g. 

(1) Hydrogen and the halogens are monovalent. 

(2) Oxygen and the sulphur group are divalent 

(3) Nitrogen and phosphorus are penta- and tri-valent 

(4) Carbon and silicon are tetravalent. 

(5) The alkali metals are monovalent 

(6) The alkaline earth metals are, divalent 

This has led chemists to distinguish between Normal or 
principal, and Contra or supplementary valencies. 

Theory about Valency. 

I Abegg's theory Every element possesses a maximum valency 
of eight made up of positive and negative components or normal and 


contra valencies 

Thus - 

S1H4 PH3 

S1O2 P2O5 

SHa 

S 0 3 

C 1 H 

CI2O7 

Elements 

Na 

ilg Al Si 

P 

S Cl 

Normal 

+ r 

+ a +3 +4 

- 3 

- a - 1 

Contra 

- 7 

- 6 - 3 - 4 

+ 5 

+ 6 +7 


The relative strengths of the two kinds of valency depend upon the 
chemical nature of the atom itself thus the alkali metals are too electro- 
positive to show negative \alencies fluorine too electro-negative to exhibit 
positive valencies and thus it cannot combine with oxygen 

II 'Werner’s theory The molecules formed by the comb ination 
of two or more elements are usually not deioid of the power of combi- 
ning with further atoms or molecules. 



due to the Residual affinity either of the molecule as a whole or of the 
certain of the atoms contained in them or due to 

Principal Valency in the combination of atoms or radicals which 
wn exists as 10ns or are equivalent to ions 

Cl’. Na 1 , N0 3 - CHj’, 


or due to 
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valency concerned with the combination of 
radicals winch cannot esist as ions 'OH 'NH3, 'QIC ’CrC!^ 

Cl\ t Q\ / C1 “ H 

q7 c!7 n ci-h 


Tnvalent cobalt Co can co-ordinate si\ molecules of ammonia b) 
supplementary valencies Co(NH3)6 in whtch the cobalt atom keeps 
its principal valencies free [Co(NH3)6]Cl3 to be distinguished from 

[CoC1 3 (NH3) 3 ] 

Representation of the Valency The usual method 
to represent a valency is to draw lines between the symbols, the 
number of lines varying as the valencies do 

Each line is to represent one valency These lines or 
valencies are sometimes called Bonds or Links 


These bonds or links help to depict the graphic or 
structural formula of a compound. 

Determination of the valence In order to ascertain 
the valency of an atom in a compound — since valency in vary- 
ing— the constitution t. e constitutional formula is to be known 
first, 1 e. molecular weight, composition of vapours as well .is 
the chemical behaviour Thus — 




H— O— Cl 
H — O — O— Cl 

H— O—O— Cl 


H— 0—0— 0—0— Cl 
* 

H— O— O— H 



0=5' 


Cl— O— H 

0 = C1 — O — H 


II — 0 — H 

O" 

OS 

0==C1— O— H 


H 

> 0=0 

H' 
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Compounds containing oxygen atoms diiectly combined 
together are extremely unstable compounds. But the oxy- 
acids of chlorine become more stable as the number of oxygen 
atoms in the molecule increases. 

Thus the valency may be detei mined : 

(i) By noting the formula of its compounds with some 
element of known valency c. g R2O3, R(OH)3, RCI3 and RH3, 
or 

(li) By noting in the formula the number of hydrogen 
atoms displaced say from sulphuric acid HaS04 — *• NaSOf 

Valency of the Radicals The vatency of the radicals 
is determined by finding out the electrical charges that they 
are willing to get associated with 

Cause of Valence. As to the cause of valency the 
matter is far from being satisfactorily settled This much is 
evident that there is a dose connection between the valency of 
an atom and the electric charge it can acquire under certain 
circumstances. 

Nature of Valency. We have \ery little knowledge as 
to whythesodium atom (Na) can hold but one chlorine (Cl; 
atom, while that of calcium or barium can hold two, and 
aluminium three each. We really know very little with regard 
to chemical affinity etc, 

Application of Valence. Knowledge of the power of 
combination -valency- of the different elements helps us a good 
deal in casting the formula of their compounds Thus eg, 
Na-, C 1 -, Ps, Al=, Sn= or Sns gives NaCl, PCI3, AICI3, 
SnCh and SnC 4 etc 

The following points are worth noting 

(1) Amongst metals, the divalent condition is the com- 
monest. 

(2) Some elements have seiera! latencies c.g- Suphur is 
di-, tetra- and hexa-, 
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(3) Elements having the same valency or different' ele- 
ments having different valencies variable bnt belonging to the 
same numerical order have frequently similar chemical charac- 
teristics. e. g. Halogens — Cl, Br, I ; Alkali metals — Na, K 
Alkali-earth metals — Ca, Ba, Sr, Mg ; Mercurous mercury and 
cuprous copper - Hg' ; Cu*; and mercuric meicury and cupric 
copper Hg‘* Cu". 

(4) When an element has more than one valency the 
two (or more) series of compounds are usually totally dissimilar, 
whilst each series stay be very similar to the compounds of 
other elements of the same valency cf. 3 

(5) Elements belonging to the same family have the same 
valency common 


(6) Changes in valency such as take place occur in twos 
1. e. tri- and panta, di-, tetra and so on [As"‘ — As" 



CHAPTER XVIII. 


Oxidation and Reduction. 

-Heso*®*- 

The terms * oxidation * and ‘ reduction ’ are .two of 
those few terms with which a beginner in Chemistry gets 
acquainted, at the very start But these terms are so peculiar 
in their character, that the full connotation of these terms is not 
grasped unless and until the student is fairly advanced, and has 
grasped the principles of the ionic theory thoroughly. Even 
the very definition has to be modified twice as the student 
advances. 

The term oxidation, m its narrowest sense, signifies the 
taking up of oxygen by a substance -an element or a com- 
pound- and the substance is said to be oxidised. Thus when 
copper is heated in air i, e. oxygen, it takes up the oxygen and 
forms copper oxide : 

2Cu + 0 = 2CuO. 

Here copper is oxidised and considering this reaction from 
the point of view of weight changes, we find that the oxidised 
copper is increased in weight.: 

aCu + 02 = 2CuO 

2x63*6 + 16x2 = 2(63*6 + 16). 

However if hydrogen is passed over heated copper oxide, 
the latter is again converted into metallic copper, with the 
simultaneous formation of water : 

CuO + H2 => Cu + H2O 

+ 16 + 1x2 = 63*6 + 2 16. 

in this reaction the compouud of copper has lost the 
ox>gen atom and hence its weight, and to signify this condition 
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this reaction is termed reduction, and the two terms thus are 
expressiv e of reactions that are of opposite character. But these 
terms have gradually acquired w ider meaning. They are now 
frequently applied to certain reactions in which oxygen takes 
no part, or also w hen hydrogen atom or atoms are removed 
Irom a compound Man}' substances which contain no oxygen 
have been described as oxidising agents c. g. chlorine, bromine, 
iodine, sulphur etc. Thus when iron hums in sulphur or coppei 
burns in chlorine, the iron or the copper then is said to be 
oxidised, or even when chlorine liberates iodine from potassium 
iodide KI, the iodine of tho potassium iodide is said to have 
been oxidised, and these reactions are termed oxidations of 
iron, copper or iodine 

A simple illustration will clearly show' and give some idea 
of the reasons why the use of the w ord has been extended 
Copper bums m oxygen (cf. the burning of iron wire in oxygen) 
with the formation of copper oxide a compound with a formula 
CuO 1 c in which copper is divalent Copper oxide interacts 
with hvdrochloric acid to fomi water and copper chloride, and 
in this salt 1 a copper chloride the metal is still divalent. 

(i) zCu + Oa = zCuO. 

(11) CuO + aHCl - CuClz + HzO 

Thus copper is converted into the chloride by the two 
successne operations of (1) oxidation, and (11) neutralization, 
and we find that there is no change of valency m the copper 
atom after neutralization 

Now copper chloride can be made directly from the 
metal by burning it in chlorine gas 1. a. the element 
can be bi ought by a single operation, into the same state in 
which it exists after the two operations of oxidation and 
neutralisation 

Cu + Clz = CuClz 

Again iron dissolves in hydrochloric acid and gives ferrous 
chloride and hydrogen. 

Fe + zHCl = FeClz + Hz. 
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Here iron is divalent, but if this very same element is 
burnt in chlorine it gives iron perchloride FeCls- This ferric 
chloride Fed; can also be got by * the action of chlorine on 
ferrous chloride. 

’FeCb + Cl 2 = aFeClj 

This operation similar to the above is also called oxidation, 
with chlorine as the oxidising agent , because the valency of 
iron and the positive charge earned by its ion are increased. 

/Cl Cl 

Fe=' -4- —Cl Fe-~f-Cl 

N CI X C1 

and in terms of ionic hypothesis : — 

FeCla Fe + 2CI' and FeCk — >. Fe‘ ‘ 4. -Cl'. 

Here it must be clearly borne in mind that it is customary 
to a»ume that an element m the free state has a valency 
of zero. In accordance with this assumption when an element 
combines with another, say as m the above cases, either with 
oxygen or chlorine it has to give out its valencies for forming 
the combination and thus makes the other assume the higher 
valency 1 e. from zero upwards. 

Cu 4* CI2 — > Cu -f 2CI' 4" z(*) 

— - Cu' + 2C1\ 

Again to take an instance of a more complicated nature 
we find that if ammonia gas is passed over heated copper oxide, 
nitrogen and water are obtained together with copper. 

3CUO + 2NH3 = X2 4- 3H2O 4- jCu. 

Heie ammonia is said to be oxidised to nitrogen and 
water But nitrogen cau as well De liberated from ammonia 
bj* chiorme. 

2XH3 4. 3da = N2 4- 6HC1 
therefore the action of chlorine over ammonia is called oxida- 
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Thus >n the light of above instances it follows that the 
combination of a metal with almost any element ( except 
hydrogen ) can be and is regarded as oxidation. Nay even 
something more has come to be signified. Not merely a 
combination with oxygen or with any particular element but 
also mi increase in the valency of an element or a radical, and 
if the compound is an electrolyte a corresponding increase in 
the electrical charge carried by the ion during the electrolysis 
has come to mean oxidation. 

Combining these ideas we maj now say that oxidation is 
increase in the valency of an element or a radical m 
the positive direction, or the decrease In the valency 
of an element or a radical m the negative direction 
Since reduction is the exact opposite to oxidation, we may as 
well say that reduction is the decrease m the valency of 
an element or a radical m the positive direction or the 
increase m the valency of an element or a radical in the 
negative direction 

Electro-negative elements are oxygen, snlphur and the 
halogens. All acid radicals e. g NOg', SO,*" etc. are electro- 
negative, while hydrogen and the metals are electro-positive. 

Since oxidation involves an increase in the electro-positive 
charges of an element or a radical, the substances that bring 
about oxidation 1 e an ‘ oxidising agents must under fa- 
vourable conditions give out positive charges Similarly a 
* reducing agent ’ is one which under favourable conditions 
gives out negative charges. 

It should be observed that every reaction that invol- 
ves change of valency is both an oxidation and reduc- 
tion. Just as a commercial transaction can be regarded as 
either a purchase or a sale according to the point of view, so 
an oxidation process which is always accompanied by a 
corresponding reduction process may be either called an 
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oxidation or reduction depending upon the stand one takes. 
Thus for example, -the action of stannous chloride on * 
(i) mercuric chloride 

SnCl2 4- aHgCla <=> SnCl4 + HgaCl2. 
or, (li) on ferric chloride 

aFeClj 4 - SnCl2 = SnC 4 + sFeCte 

may be either of reducOon or oxidation. When stannous 
chloride is 'getting oxidised, simultaneously mercuric chloride 
and ferric' chlonde are getting reduced. In short oxidation 
and reduction are invariable concomitants i.e as a rule always 
occur simultaneously. 

The above cases are cases of double decomposition, and it 
may be thought by analogy that all double decompositions 
may be reactions more or less of the above types. Nay it must 
be always borne in mind that neutralization of an acid by a 
base, or by a basic oxide does not involve any change of 
valency, and therefore it is neither an oxidation nor a reduction 
process, and this is true of double decomposition in general. 
For example whan hydrogen sulphide is brought in contact 
with copper sulphate solution, copper sulphide and sulphuric 
acid are formed as . — 


C.USO4 + .H25 _ mu -f nzov->4. 

Although the percentage of the metal in the copper 
compound has been increased, oxygen is not abstracted from 
the sulphate radical and consequently the reaction cannot 
be called a reduction. The sulphur that is uniting with 
copper at the second stage :. e, of the sulphide, comes not from 
the sulphate radical but from the hydrogen sulphide as : 

CUSO4 4. H2S = CuS + H2SO4. 

Cu SO4 iH S = CuS 4- H2SO4 

C11SO4 + HaS = Cus 4- H2SO4. 

Cu” SO4" 2H* S" = Cu^'s" 4. 2 hCs 04 w . 
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From the abo\ e equation it is evident that in the forma- 
tion of copper sulphide there is no change in the valency of any 
of the reacting radicals, and hence simple double decomposition 
is neither an oxidation nor a reduction process. 

On the otherhand the reaction that takes place when 
sodium sulphate is heated with carbon, is called a reduction , 
Na2S04 + 4C = Na2S 4CO. 

In this equation if we study the different parts, we find 
that the valency of sulphur which was 'positive six’ + 6( ) 
has become ' negative two ' -2 ( - ) e. it has been reduced by 
eight and the elementary carbon atoms have assumed two posi- 
tive v alencies atleast, and thus the sulphur or better the sulphate 
radical is reduced to the sulphide radical and the carbon is 
oxidised. Thus sodium sulphate is said to be reduced when 
heated with carbon the reducing agent which gets oxidised 

In the light of what we have gone through so far, let us 
considei a few of the most important ‘ oxidation reduction * 
reactions r — 


(1) By passing ammonia over heated coppei oxide, nitro- 
gen and water are obtained together with metallic copper 
As — 

3CuO + 2NH3 = 3Cu + 3H2O + Nz. 

Here ammonia is said to be oxidised to nitrogen and water, 
because in this reaction if we observe the relative valencies of 
the different elements in the compounds we find that 
the nitrogen having a negatne valency of three in 
ammonia, is converted into free nitrogen having no valence 
Further copper which has a positive valence of two in copper 
oxide, becomes veTo- valent when converted into free copper. 
Thus 


H \ 

+ 3 Cu <0" = 3 
H v * 

H -7N'" 


H 

H 


yo" 


+ 3 Cu + 2N 
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Here ammonia NH3 is said to be oxidised, and copper 
oxide CuO is said to be reduced. Similarly nitrogen can be 
liberated irom ammonia by chlorine gas, therefore this action 
of chlorine on ammonia is also called oxidation. 

(2) Again it is very often noticed that oil paintings can 
be restored to the original shade often by a wash of hydrogen 
peroxide. The reaction that takes place is as follows:— 1 

PbS + 4H2O2 = PbS04 + 4HaO. 

Similarly PbS + 8HNO3 = PbS04 + 4H2O + 8NO2, 

In these reactions by noting the change of valency of 
sulphur which is two negative in the sulphide, and becomes 
six positive in the sulphate condition, 'we can see that there is 
not only a change from negative to positive but a large increase 
of positive too, hence lead sulphide is oxidised to lead sulphate 
and hydrogen peroxide or nitric acid is reduced. 

(3) 3H2SO3 + 2HNO3 = HaO + aNO t 3H2SO4 

(4) al + 4HNO3 = 2HIO3 + NOs + 3 NO + 4H2O 

(5) Sn + 4HNO3 . SnOs + 4NO2 + 2H2O. 

In the above equations (3, 4, 5) we can see by noting the 
change of valence of sulphur, iodine and tin, that sulphur, 
iodine and tin are oxidised whereas nitric acid is reduced 


Oxidation and Seduction purely from the point of 
view oflomc Hypothesis. 

Oxidation and reduction here may 'be reconsidered more 
in detail in terms of the ionic hypothesis. Thus when 
a ferrous salt fe'oxidised to a ferric salt an increase in the 
valency of the ion takes place The divalent ferrous Fa- -ion 
becomes the bivalent feme Fe" - -ion and since we already know 
that the individual ions of even one and the same element 

have specific properties, so in this case the green ferrous ion is 

transformed into the yellow ferric ion, In the same way the 
change from the blue cupric ion Cu- ■ to the colourless cuprous 
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ion Cu may be readily understood Then agam the change in 
colour when a purple potassium permanganate, KMnO*}, solu- 
tion is reduced to an almost colourless solution of a manganous 
salt, is due to the disappearance of the permanganate ion. So 
also is the reduction of the yellow chromate or red dichromate 
to a green chromium salt, caused by the withdrawal of the 
chromate and the dichromate ions from the solution, and their 
eventual replacement by the green chromic ions 

Thus oxidising agents such as nitric acid, chlorine, bromine, 
permanganates, chromates and ferric salts are substances 
which produce ions capable of losing part of 
their eleotrio charges, and of passing them on to'other ions 
which can receive them, and conversely reducing agents in 
general produce ions which can receive such charges. An 
excellent example is afforded by the reaction between stannous 
chloride and mercuric chloride. Thus . 

aHgCl2 2SnCl2 *= aSnChf 2Hg, 
or 

aHg ■ + 4CI' + aSri + 4 C 1 ' - aSri * SCI' + zHg, 
which takes place in two stages as • 

(1) aHgCla + SnCla - SnCl 4 * HgaClz. 

aHg” 4CI' + Sn ' + aCI' - Sri’ ' x 4CI' -> Hga’ +zCl' 
and 

(ii) Hg2Cl2 + SnClz ™ S11CI4 + aHg. 

Hgri* + 2CI' + Sn" ->- 2CI' - Sn" ’ + 40'+ zHg. 

In this example the stannous chloride which provides the 
stannous ion Sn" is the reducing agent, because the divalent 
Sri"« -ion acquires more charges and becomes tetravalent Sri" 
-ion. Similarly is the interaction between chlorine water and 
hydrogen sulphide solution : 

H2S + Cl water = zH” S" + Cl. [i(+) * i<->] 

. i. e H2S Cl2 = aH' + S" + 2'Cl' + a(-) 

- aH‘ + S" a[’) 2CI' 

- aH’ + 2CI' + S. 

I 
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The terms ‘oxidising agent' and ‘reducing agent’ are 
not only reciprocal to each other, tat often are to some 
extent relative. Thus nitrous acid HNOs acts as an oxidising 
agent towards hydrogen iodide, but as a reducing agent 
towards potassium permanganate, The same is the case with 
hydrogen' peroxide. 


Similarly there are quite a number of substances that 
behave both as oxidising or as reducing agents, depending 
upon the conditions under which they are placed. Thus 
there are often oxidising agents containing oxygen, some or 
all of which, they can give up to effect oxidation and reducing 
agents which either do not contain oxygen, and are ready to 
combine with it or are already containing some and ready 
still to combine with more. Here one thing that 
has to be especially marked is the final condition 
of the substance, If it be earefully observed there are 
a good many who do act as reducing agents when their 
usua! nature is otherwise. Still they do not get oxidised as one 
would expect from the reciprocal nature of these reactions: 


H2O2 + AgaO = aAg + Os + HaO. 

Yet in some cases a substance acts as an oxidising agent 
and in other cases acts as a reducing agent in the full proper 
sense of the term, just as manganese dioxide Mn02 does 
3MnOa + 6KOH + KCIO3 • KCI + 3 K2Mn0 4 + 3 HaO. 

Similarly wo find that roducm? acwntc oof >10 
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By heating with a nitrate in the dry state, carbon and 
many other elements can be oxidised : 

5C + 4KNO3 — * 2K2C03 + 3CO2 + 2N2- 

The oxidising action of nitric acid depends upon the reduc- 
tion of mtTOgen. The extent oi the reduction depends upon the 
concentration of the nitric acid and the nature of the substance 
oxidised. The more concentrated the nitric acid, the less it is 
reduced. The more concentrated the reducing agent and 
stronger its reducing power, the greater the reduction of the 
nitric acid Nitric oxide 'NO’ is commonly formed, but the 
other products suqh as nitrogen peroxide 'NO2', nitrous oxide 
‘NsCy, nitrogen ‘Nz’ and even ammonia "NH 3' are produced. 
The different stages may well be understood by the following 
gradations of reduction of nitric acid * 

HNO3 -> NOa — HN02 — NO — NzO — Ns — NH3 

(4) Concentrated sulphuric acid Sulphuric acid 
decomposes as 

1 H2SO4 — — ■» H2O SOs O 

and thus oxidises substances like carbon and iodine': 

C •>- 2H2S04 - CO2 + 2H2O + 2SO2 

(5) All peroxides and even many lower oxideB 

The peroxides and lower oxides being of rather an unstable 
character give out oxygen easily, and act as oxidising agents as|: 

(a) 4H2O2 + PbS » PbS 04 -r 4H2O. 

, . (b) 10NO + p 4 = P 4 Oio + s Na. 

.(c) PbO + Ha = Pb 


+ HzO 
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(6) Higher -oxyacids and their salts.' 

The higher acids as well as their salts often times though 
stable compounds do decompose and liberate oxygen which 
can be eventually untilized for the oxidation purposes 

(a) Potassium chlorate oxidises carbon to carbon dioxide. 

(b) Potassium dichromate oxidises hydrochloric acid to 

chlorine. 

(c) Potassium permanganate oxidises hydrosulphuric acid 

to sulphur and water. 

(7) Electricity : Electricity is a very important agent 
in the oxidation reactions. Every change during electrolysis 
that occurs at the anode (positive pole) is an oxidation 
in as much as at the anode the negative ion loses its 
negative charge. The liberation of chlorine or the formation 
of potassium chlorate by electrolysis is a good example of the 

* In the case of the higher oxyacids, salts like potassium permanga- 
nate or the dichromate, acid condition chiefly facilitates the oxidation, 
nay it is m some cases essential. This can be easily seen if a little 
attention is given to the formation of these salts or better these acids. In 
the preparation of the permanganates or the chromates a basic rampnn P! i 
like potassium hydroxide or carbonate is essential Manganese and 
chromium both elements have acid and base forming oxides. Their 
natural compounds are the lovier oxides which have to be changed to 
the higher ones r. e. acid forming ones, by these compounds aWi-hing 
oxygen but this is done only through the influence of the base present in 
die reaction on the principle similar to that of an amphoteric reaction • 

HC 1 KOH 

A!" + 3 0 H' A10H)3 3H' + AIO3" 

Where to change the nature (acid or base) of a compound another 
compound of opposite nature is to be introduced. 

Now if these excess quantities of oxygen are to he withdrawn from 
dus compound from the kbove reversible reaction, it k evident that an acid 
«s essential for the liberation of oxygen from these compounds. 


t 
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oxidising action of electricity. It is largely used for obtaining 
higher oxv-salts and many organic compounds 

n. Reducing agents 

The instances given above as examples of oxidising reac- 
tions illustrate as well the reducing properties of the very 
mans- substances oxidised, since the properties of an oxidising 
agent must be exhibited by its interaction with a reducing 
substance. The most important reducing agents are hydrogen, 
carbon, carbon monoxide, metals, hydrogen sulphide, sulphur 
dioxide, heat and electricity. 

(r) Hydrogen * Hydrogen abstracts oxygen from many 
oxides and when it is in the nascent state it is strong enough 
to abstract it from the oxy-acids or their salts : 

CuO -f Ha = Cu 4 - H2O. 

KCIO? + 3H2 = KCI + S H* 0 . 

The reducing action here depends upon conversion of 
neutral hydrogen into positively charged cations : 

Ha m 2H" -f 2 {') 

(2) Carbon : Carbon is the most important reducing 
agent industrially. In the form of coke or charcoal it is used 
for extracting zinc, tin, iron, lead and manv other metals from 
their oxides 

ZnO + C = Zn i (X). 

The reducing action depends upon the readiness witn 
which the neutral carbon atom is converted into an atom with 
higher positive charges Hydrocarbons are reducing agents 
but are seldom employed for this purpose 

(3) Carbon monoxide Most metallic oxides that are 
reduced by hydrogen can also be reduced by carbon monoxide : 

FeaC>3 + 3CO = 2Fe + 3CO2. 

The reducing action of carbon monoxide here depends 
upon the conversion of the divalent carbon atom into the 
tetravalent carbon atom. This is readily seen from the above 
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reaction taking place in the “ Blast-furnace " wherein iron 
oxide is reduced to metallic iron by carbon monoxide formed 
from coke and lime-stone. 

(4) Metals. Metals especially, those that have like 
aluminium and magnesium a great affinity for oxygen and have 
relatively high- boiling points behave as good reducing agents. 

(a) Magnesium redilces silica at bright red heat. 

2Mg + S1O2 = Si + 2MgO. 

(b) Aluminium as is seen is now quite commonly used 
in 4 alumxno-thermy ' or the ‘ thermite process 

(c) The non-metallic elements that unite- with oxygen 
eagerly like phosphorus or sulphur can also act as reducing 
agents. 

The reducing action of the metals depends upon the con- 
version of the neutral metal into positively charged bodies. 

(5) Hydro r sulphuric acid. Hydrosulphuric acid is 
frequently used for effecting reduction in aqueous solutions, 
and the reducing action depends upon the conversion of the 
negatively charged sulphur atom into free elementary sulphur. 

HaS + 2FeCl 3 - aFeCla + 2HCI + S. 

1 

. H2S + ,lz „ 2HI + S. 

V 

(6) Sulphur dioxide or its solution : This solution 
is another very useful reducer at ordinary temperatures. As 
compared with hydrogen sulphide it has the advantage tKat'no 
sulphur is precipitated during • the reduction, but on the con- 
trary sulphuric acid is formed, wheiein the tetravalent sulphur 
is charged to hexavalent sulphur. 

SO2 + 2HNO3 - H2SO4 + 2NO 2 . 

(7) Electrioity. Electricity, is a reducing-agent too, as 

every change that occurs at the cathode. ( negative pole ) 
during the. electrolysis is a reduction, since at -the cathode, 
cation loses its positive charge. ‘ 

27 
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(S, Heat. Heat effects the decomposition c' many 
and exy-salts e. g. KCiO^. From the point of view of 
the residue such a change Is reduction. 


To distinguish. oxidising and reducing agents. 

In order to find out whethsT the given subsumes i? an 
oxidising agent or a reducing agent, its solubility mvater 
should be first tested, and then treated with reagents as 
follows : — 

3 educing Agents. 

j 

Insoluble. 


Soluble. 

These are recognised by: — 

,i, The evolution cr red brown 
fanes oiXOe bom EXO 3 . 

,ej Removal of ire sme£ and 
co’our if any. boa cbiorme 
water. • 

l 

.31 DecGlorbation of a solution of ; 

potassium permanganate ac- ’ 

dined with tiUnte srJaiotic 
. ' f 

stacu 

t 

'-ii Tie convers-on m acrd solo- | 
non of omnge b'dfcromare to , 
solutions of ^reen chrorr^c ‘ 
salts 

(;) Tee cecolonuaaoa of feme 
salts 

\5) Tee precipitation of red cu- 
prous oxide from Febintis 
solution. 

) A production of blue pred* 
plate from a mixture of potas- 
sium fetycyaaids and feme 
chloride. 


These are recognised by — 

{0 Ccmbusfaa mar. 

(r The iToeaticn cf rread— 
copper or lend r~>m copper or 
leic oxide on beating. 

<3> The denigration on besting 
with powdered rdme KNO5- 


ia' Tee evolution of red browr. 
fumes of NO: visa bsmed 
with moderately esauaatia-e. 
cittic aci 


1 
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Soluble. 

These are recognised by : — 

(t) The liberation of chlorme 
when heated with concentra- 
ted hydrochloric acid 

(2) The separation of sulphur 

. > from hydrogen sulphide. 

(3) The liberation of iodine from 

- potassium iodide 

(4) The disappearance of the 
smell of sulphur dioxide 

1 I 

(5) Conversion of sulphides to 
sulphates 

(6) The conversion of ferrous 
salts into feme salts, tested 
with potassium ferrocyantde 


i 

Insoluble. 

These are recognised by . — 

(1) The formation of water when 
heated m & current of hydro- 
gen or coal-gas. 

(2) The evolution of carbon 
dioxide when heated with 
powdered charcoal 

(3} The evolution of chlorme gas 
from concentrated hydro- 
chloric acid 


1- ^\ B -— When the substances are insoluble they should be 

tea edm the solid state, in a suitable gas or with powdered 

oxidising or reducing agents when both are insoluble. 



CHAPTER XIX. 

1 

Molecular Weight. 

f 

Molecular weight is the weight of the smallest amount of 
on element or a compound capable of individual, existence 
and the object before us in the present chapter is to find 
out this smallest weight with individual existence. The 
question is: How to do it? We have seen that it is 
possible to calculate the simplest formulae called the 
Empirical formula-- from the results of the chemical analyses- 
which correctly represent the compodtion of compounds. 
But the formula so derived is the simplest possible one and does 
not represent the exact true composition of the molecule i e. 
it does not give us the actual number of atoms o' each kind 
that go to form the molecule of the compound, but gives us 
only the ratio in which the atoms combine. Thus the simplest 
foimuU-Empn real- for hydiogen poro\ide (H2O2) could be 
‘HO’ but we have reasons for writing it as H2O2. Similarly for 
nitrogeh peroxide NO2 and hydrofluoric .icid H2F2. 

Now me can fix on the formula H2O2 or N2O4 or H2F2 
only if we can get llie true weight directly or indirectly of 
these molecules. If we get the w eight of the molecule then 
we can, from this, easily find the different number of atoms 
that go to form the exact mass of the molecule. 

But can we get the exact "weight ol the molecule ? No. 
We cannot really get the exact weight of the molecule, because 
it is a unit which we have only in our imagination and we 
cannot really handle it so that se can find out its exact weight. 
But we can get the weight indirectly from the fact that certain 
properties of substances called the 1 colligative properties,’ 
depend on merely the number of molecules present, quite 
irrespective of their character. 
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This above fact about the colligative properties makes us 
have the same properties Fof the same number ft? mofecbles, 
and provides u3 a ready means for deciding whether vra arc 
dealing with the same number- of molecules of different 
substances and consequently for determining their relative 
weights. From this and similar other relations we will now 
try to find out the comparative molecular weights with respect 
to a standard weight, firstly of gases. The gases presented a great 
difficulty in t&e beginning which was settled thus : — 

Behaviour Of Ga3es. If different gases are studied 
with reference to their purely physical properties, we Mve 
already seen that all gases expand at the same rate when 
heated and all gases aVe equally compressible. There is no 
difference in this respect between elementary gases like oxygen 
or hydrogen and compound gases like carbon dioxide or ammo' 
nia, Not only this but even active gases like chlorine or 
hydrogen or oxygen behave exactly similar to nitrogen the most 
inactive, as compared to the&. Hehda it is highly unlikely 
that the elementary and compound gases are differently 
Constituted. From this a law has been established and it is' as 
follows : 

“Volume of a gas is proportional to the number of 
molecules it contains.” 

This above statement becomes clear if it is remembered 

that the pressure of a gas is due to the impact or collisions of 

the particles of the gaseous body on the sides of the containing 
vessel, and these impacts are due to the constant motion of the 
particles, kinetic-energy, of the gas, the speed of which in- 
creases or decreases according to the heat applied to the body. 

Historically this law was found out by accident, when 1 
Humbolt, a naturalist', went » to Gay Lussao 'for the 
determination of the composition of air from different 
localities. During theseexperunents Gay Lussac came upon the 
regularity of combining volumes and lolumes formed when 
gases combined and fornied gaseous compounds. Fiom these 
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results he came to the conclusion that "When two gases 
combine, there is an integer ratio between their volumes, as 
■well as between the volumes of either of them and that of the 
product, provided It Is a gas." 

From this, as already seen under the discussion of tne gas 
laws, we come to the following facts : — 
x vol. of hydrogen + x vol. of chlorine = 2 vols. of hydro- 
chloric acid gas 
n •• oxygen = 2 vols. of water rs 
xapours- 

„ „ nitrogen = 2 vols. of ammonia 

gas 

2 of cavbon-mci oxide 1 vol. of 

oxygen — 2 \ols. of caroon 
dioxide. 

Avogadro's Hypothesis. 

Gay Lussac was not slow to perceive that his discovery 
must have an important bearing on Dalton's “ Atomic - Hypo- 
thesis.” Combining his on n experience and the atomic hypothesis 
together, he came to the conclusion that if elements when in 
gaseous state, unite in simple proportions by volume, and also 
in simple proportions by atoms it follows that the number of 
atoms in. equal volumes of different gaseous elements 
must likewise be simply related. 

On this assumption Gay Lussac chose to assume that equal 
volumes of different gases (at the same temperature and pres- 
sure) must contain equal number of atoms. This hypothesis is 
quite incompatible with the facts observed and leads to incon- 
sistencies. 

Because jf we suppose that equal volumes contain equal 
atoms, say * m ’ atoms then according to the observed facts : — 

2 vols of hydrogen 1 vol of oxygen — 2 vols. of steam 
we find that - 

a ni atoms 1 m atoms = 2 m atoms 

i. e 


2 vols „ 
5 11 »i 


2 atoms j- 1 atom 


2 atoms. 
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1 Now when steam is formed it is evident that every particle 
of steam and according to the above equation every itom' of 
steam must be composed of some hydrogen and some oxygen, 
but since there can not be less than i atom of oxygen in -verv 
atom of steam, it follows that each atom of oxygen ap ia to 
be split into two halves. But this is a direct contradict! n of 

t i • 

the atomic hypothesis which clearly states that atom is indivi- 

i 

sible ftother more. 

Hence, from the above experimental fact," the inference 
that can be drawn is that either the atomic hypothesis is wrong 
or Gay Lussac’s assumption must be wrong. 


Thus, it became a difficult problem to put the .experimental 
facts and assumption in a consistent fashion so as to be able to 
agree in all respects. This difficulty, of getting a correct inter* 
pretation of the facts and assumptions, was very easily solved 
by Avogadro. He not only got over the difficulty as "said 
but actually cleared upall doubts and give a simple and con- 
sistent' explanation . 

I 

■ r . 

Avogadro's suggestion is a very simple one though it 
introduces important changes. He merely changed the 
word ‘atom’ into the word “molecule” because 

Avogadro assumed the existence of two different kinds of 
classes of particles : 

* t » 

t 

(i) The physical units composing gases present' in equal 
numbers in equal volumes. These he called "molecules," 
which really means a small or a tiny collection or a mass of. 
particles. 
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, (z) These molecules in their turn are built up of Dalton’s 

ejementary atoms, pf the same sort in the cases of gaseous 
elements and of different kinds in compounds. Thus : 
hydrogen oxygen steam. 

2 vols. + i vol. = 2 vols. 

1 » 

2 m molecules + m molecules = z m molecules. 

% ■* r 
2 mols. + i mols. = z mols. 



ax2 = 4 atoms + 2 x !'=■ 2 atoms = 3x2 = 6 atoms. 


'6 atoms = 6 atoms. 

From the above it becomes quite clear that the substitution * - 
of the word' • molecule ' for ‘ atom ’ in-Dalton's hypothesis clears 
away- all the .inconsintenci as and provides for the splitting up of 
the particles into any number of smaller particles. This also 
explains as to why there should be sometimes contraction ip 
the volume of the products formed because the particles may 
grow up to any size depending upon circumstances. 

Assuming the truth of the hypothesis we have at once, a 
means of setting apart equal number of molecules of various 
gases, for they will be contained in any definite volume which 
we may choose, e. g. 1 litre. Because as just proved 
Ayogadro says that “ Equal volumes of all gases, or vapours, 
trader the samp conditions of temperature and pressure contain, 
an equal number of molecules.” 

Or ' “ 

Determination of the weight. 

Thus we can clearly see that the ratio between the weights 
of , equal volumes jsay, ope, litre, of each of the various, gaseswill 
tje tha same as thqse between the weights of the several kinds 
of molecules From this we can gat the comparative Weight of 
thb mblecule- of-any gas only with reference to any'flxed 
assumed standard. 


i 
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This standard we have assumed as hydrogen o/'now-a- 
days preferably oxygen 


Now from the above law of Ai ogadro we can arrive at the 
composition of the molecule of hydrogen by making it combine 
with as many elements as we can to form gaseous products and 
observing the various stages in which the hydrogen molecule is 
found to split up. The largest number of divisions that it 
undergoes being taken as the number of atoms that go to form 
the molecule of the gas hydrogen, at least so far as our present 
day knowledge goes. Thus • 

i vol H + 1 vol. Q « 2 vols. HC1 

From the equation it becomes evident that we get two 
volumes of hydrogen chloride, and as it is hydrogen chloride 
and hydrogen chloride only, each particle of the gas must 
necessarily contain some chlorine and some hydrogen The 
least we can assume is one atom and hence the molecule is here 
composed of two atoms at least 


The standard selected for comparing the different atomic 
weights, is hydrogen (or oxygen), where hydrogen atom is taken 
to be one. This one may be any thing, but to facilitate 
matters as we already know all these hypothetical ideas have 
been given a concrete form, and thus the weight of one atom 
of hydrogen is measured in C. G. S. system and then is taken 
as equivalent to one gramme though its actual weight may be 
far too small than one gramme Thus the hydrogen molecule 
being composed of two atoms, will be two standards in weight.. 


The standard unit of weight being one gramme, hydrogen 

!. " l '! W f ^ T f 0rence to 41158 <»» Vam weight, and thus 
the molecule of hydrogen m gram weight will be two grams. 

If we determine the volume which this weight of hydrogen 
will occupy, then we know from the just proved Avo<mdro's 

thlS b8 thG V ° Iurae that " iI1 be occupied 
by all kinds of gases provided each is only one molecule P 
20 
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The volume occupied by two grams of hydrogen is found 
out by actually weighing a certain volume of the gas and 
calculating the volume necessa r y for two grams This is found 
to be 22-4 litres at N.T P This must be the same volume 
necessary’ for every kind of gaseous molecule — gram molecule. 
Thus : — 

The molecular weight of a gas is that weight of it. express- 
ed in grams, which occupies 22 4 litres at O’C and 760 mm 
pressure 

Another statement of the same fact may be given in the 
following terms * — “ The molecular weight of a gas is double 
its rapour density referred to hydrogen as unit " 

The latter statement becomes cleat if we remember that 
the density of a gas is given in terms of the hydrogen volume 
If volumes of different gases are compared-- with reference 
to the same volume of hydrogen, then it becomes quite 
clear that we have to multiply the density by 
two, because our standard is made up of two atoms 
which are taken <is a unit while comparing the density 
It is something like expressing a certain weight of a 
material m different terms. Thus a certain individual mav 
weigh iz stones but if the weight is to be expressed in pounds 
then this unit -stone- is to be multiplied by 14, and then he 
becomes 168 lbs. In exactly in the same way, molecular 
weights being referred to a standard half that to which the den- 
sities are referred to it, must be expressed by numbers which 
are twice those representing the densities 

Thus we can find the weight of the 1 oiutne occupied bv 
one molecule of a gas, and from this we can fix the molecular 
formula of any gaseous compound. 

It will be more clear by taking a concrete example 
Examples . 

(i) 120 c c of water vapour weigh 0-056 gram at r8o°C 
and 740 mm. Show by means of these data that the molecu- 
lar weight of water is 18 grams approximately ’ 
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This is equivalent to showing that the molecule of water 
vapour which weighs 18 prams must require 22*4 litres of 
volume according to Avogadro's law. 

(a) Reducing the volume of 120 c t to N. T. P. we get. — 


V. P. 273 120x740x273 37 °X 9 i . 

7fio.t ” 760x453 453 


(b) 


,70 x_£i c lg t j, e volume for o 036 
*»53 

vapour. 


gram of water 


22400x576x453 

1000x370x91 


= 18 nearly. 


From the resolution of the fraction we iind that the weight 
is nearly 18 grams 


(2} What is the molecular weight of a gas, 5600 c. c. ol 
which at standard conditions weigh 5 grms [20] 


(3) 16 grams of oxygen will occupy what volume at 0 °C 

and 760 mm. pressure ? [11,200 c. c.] 

(4) What is the molecular weight of mercuric chloride, 

the vapour density of which is 9*354 referred to air ? [270*9] 

(5) Calculate the equivalent weight of the metal of which 

0-18 gran, when dissolved in dil. H2SO4 evolve 1667 c. c. of 
hydrogen at N. T. P. [ I2 ] 

(6) What volume of CO2 will be given out by 5 grms. of 

marble by the action of hydrochloric acid when the experiment 
was done at 2g 0 C and 756’ mm. pressure ? [1232 c. 0.] 

(7) How much of marble and hydrochloric acid contain- 
ing 22% of HC 1 are needed to yield 10 litres of carbon dioxide 
at i5°C and 760 mm. pressure ’ 

(42*36 guns of marble & ^0*42 grams of HC 1 solution.) 

(8} 5647 c c. of a gas measured over water at Z4°C and 
754*2 mm pressure weighed 6*254 grams, when deprived of 
aqueous vapour. Caluilte the molecular weight. [28*02] 
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(9) Calculate the molecular weight of methyl alcohol 
assuming that the following results Were obtained in Victor 
Meyer's (displacement) method of vapour density determina- 
tions . — ^ 

Weight of methjl alcohol = o 113 grm. 

Volume of air collected at i3°C and 762 nun. pressure - 
X6 2 c. c. [32] 


X. B From the foregoing discussion it is dear that we 
can get the molecular weights of different gases practically 
comparatively easily, however three important points must be 
carefully noticed. 

( i ) Moleculai weights so deduced are entirely relative. 
The actual absolute weight in grams is left undetermined. 

(11) Molecular weights are deduced from the Avogadro's 
hypothesis which naturally applies to gases and to vapours 
only. We do not know and can not infer anything at all 
about the piolecular conditions of a liquid or a solid, from a 
study of the gas 


(in) The usual methods for the 
determination of the quantity known 
. Wt. of the gas vol. contained 


density wt- 01 tne vo1 - contained 
* Wt. ot the hydrogen vol. (equal) 


are 


experimental 
as vapour 

comparatively 


rough and hence molecular weights so deduced can only he 
approximate and must alw ays be controlled and corrected by 
analytical results which are far more accurate. 


Avogadro's law gives us a method of finding out the mole- 
cular weights of gases or vapours, but if the suhstance under 
consideration cannot be converted either to a gas or to a’vapour 
then the law would not help us to find out its molecular 
weight. But this is not the only method for such determina- 
tions. 
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The molecular weight can be deduced from either 
I. Vapour density * 

It may be sometimes abnormally too 
(a) low or (b) high. 

II Vapour pressure • 

Its influence on the 

(a) Raising of the boiling point. 

(b) Lowering of the freezing point. 

III. Osmotic pressure. 

IV. Chemical methods . 

We have already seen the effect of foreign particles on the 
boiling points and freezing points of pure solvents, so also the 
laws of Osmotic Pressure tell us that the osmotic pressure de- 
pends upon the number of particles i. e. molecules dissolved in 
a solvent as is the case with the boiling point and the freezing 
point Similarly we have just in this chapter considered that 

\\ e can get at the molecular weight from the density of a'gas. 

• 

The only method that remains somewhat not clearly ex- 
plained is the chemical one. 


Ch.em.ieal Methods for Determining Molecular 
Weights. 

The chemical method though applicable to ail the substances still 
general!) it it ver> complicated an l does not invariably lead to definite 
uvnc'usiont 

lhe icmlt armed at oy the chem'csl method is the mmimum mole- 
. ular weight. The molecular weights for acids bases and neutral com- 
pound-. are dete-mined as follows — 

I ACIDS - 

(a) 1) tect tination with a *land*rd alkah 
<b) Anal) sis of a nit. 
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Silver salt is chosen for the following reasons . — 


(1) Usually a normal salt is formed. 

(u) Slightly soluble m water 
(in) Has no water of crystallization 
(iv) Easily decomposed 

1 he ratio of the metal to the salt will be that of the atomic aught o r 
the metal to the molecular weight of the salt 


I lie aud is boiled with excess of ammonia until the liquid is neutral 
1 o the cooled solution silver nitrate is added The precipitate is carefulh 
washed and dned A portion is then weighed and ignited and the 
metallic residue of silver weighed 


Hence 

n 

w 

W 


\V x 108 n __ 
yr 

basicity of the acid 
weight of silver 
weight of salt, i' 


1'he molecular weight of the acid is obtained by dedurting n atom', 
of silver and adding • n ’ atans of hydrogen 

Example . — 

(1) 03652 gran of silver salt of a monobasic acid gave 0172 

grm of silver. Find the molecular weight of the acid 


03652 x toS 

Thus -• 

0 1 7 so 


31 


S29 3- 


- ^=93 
10S + 1 


122.3 


(2) The empirical formula of a monobasic acid is CH2O o 2955 
grm silver salt gave on ignition o‘i*iio grm silvet. Find the correct 
mold ular formula 


Thus 


o 2955 x t oS 
o 1620 


196 83 


M =• 196 83 - 108 1 = 89 93 

The minimum molecular weight of the acid being 90, the molcr.’'ar 
tormula comes to C3H6O3 because the erapincal formula weighs 30 
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II BASES - 

(a) Titration: 1'his is done by preparing a crystalline salt and 
purifying it v-ell. Then the amount of the acid present is titrated b\ 
means oi a standard alkali 

(b) Analysis of a platinum chloride : Most organic bases 
resemble ammonia m forming plabnum chlonde sparingly soluble, cryv- 
tallmng well and containing two molecules of the base. 


The base is dissolved in a slight excess of moderately concentrated 
hydrochloric acid and then plabnum chlonde is added The chloroplati- 
nate is precipitated, carefully washed and dried. A portion is then 
weighed and ignited 

W x 195 

Thus M = • 


At 


4099 


(409.9 = H=PtCl 61 


(2) 0.7010 gnu -of a mono-acid salt gare 02403 gnn platinum 
T?ind the molecular weight. 


Thus 


0.7010 x 195 
o 2303 


594 - 


SI 


594-3 - 409 9 
2 


= 92 IS- 


(3) The plabnum chlonde of an organic base gave on ignition 36 9 
:*er cent of plabnum. Find the molecular weight. 


Thus 


M = 


W x r 9S 

m 

w 

528-4099 

2 


100 x 195 
369 


=> 59 


528 


HI Neutral compounds In these cases derivatives must be 
prepared and examined for die proportion of the totat hydrogen replace- 
able Thus 


Naphthatene by the action of chlorine forms a substance monochlo- 
ronaphthalene CtoHyCL 

This compound on being treated with bromine, a liquid hydrocarbon 
of the empirical formula CFT yielded a bromo denvative of empirical 
formula CfiHsEr . 
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Atomic Weight, 

— *4:n=a<— ■ 

The hypothesis that mattei is built up of small indivisible, 
indestructible particles, is by no means a new one and it can be 
traced back to the time of Leucippus (42S B. C ) For mote 
than two thousand years the continuity of matter was energeti- 
cally debated in the schools of philosophj" At the present 
day the truth of the atomic theory is no longer a matter of dis- 
pute, for it has assumed through Dalton (1804) a concrete 
scientific value based on qnantitative measurements. Dalton 
does not seem to have troubled himself very much about the 
philosophical discussions He simply propounded the atomic 
theory because the laws of combination by weight and parti- 
cularly the law of multiple proportions are easily accounted foi , 
if we attribute a fixed unalterable mass to each individual atom 
of the same kind, and assume that atoms of different kinds, 
having different masses combine together in a simple way to 
form compounds. 

Again we have already seen that every kind of mattei is 
composed of atoms and that these atoms are the smallest dir 1- 
sible particles of elementary substances Similarly we hare 
also seen that, these atoms of different elements have got 
different weights. From a mere chemical analysis the informa- 
tion that most rve can get, about these weights is that rve can 
come to the various weights of different elements, that go to 
form the various compounds 1 e. what we can get by analysis 
• s ' the "combining weight. ” The combining weight of an ele- 
ment, as has been seen, is the smallest quantity of It which 
combines with or takes the place of one part by n eight of 
hydrogen or eight parts by weight of oxygen 



XX.] 


ATOMIC WEIGHT. 


225 


From tha above definition it follows that the atomic 
-weights are either the same as or are multiples of the combining 
weights 

Just as the atomic weight, as said is either the combining 
weight or an integer multiple of it, so also is the molecular 
weight a multiple or the same number. That is in short the 
weight of the molecule of a substance is equal to the sum of the 
weights of all the atoriis which the molecule in question con- 
tains. Thus from the relative molecular weight and the quanti- 
tative composition of a compound substance, we might expect 
to get some information as to th e smallest pioportioni, by weight 
in which various elements enter into the composition of the 
molecules. In short we might expect to get some information 
.is to the atomic weights of the elements. 

The different methods that areTfollowed, individually, do 
not give any fixed and quite positive atomic weights. But it is 
fixed to the definite number from circumstantial evidence. The 
more important methods for fixing the relative values of the 
atomic weights are six. 

Methods for determining atomic weights. 

(1) Volumetric method. 

(2) Pure chemical method. 

(3) Method based on Specific Heat determination: 1 c. 

on Dulong and Petit’s law. 

(4) Method based on Molecular hypothesis. 

{5) Method based on Isomorphism • t. c on the law of 
Mitscherlich. 

(6) Method based on the Periodic System of elements 
t. e. family or group arrangements. 

Before we proceed to the determination of definite atomic 
weights, the most essential thing is to fix the standard on 
which the weights are to be based. 

For many years there was much hesitation as to the “unit" 
to beadopted in the determination of the relative weights of the 
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atoms. Dalton proposed to take the atom of h\ drogen, a<- 
being the lightest known Wollaston and Berzelius chose the 
atom of oxygen But as some atomic weight'- wore found to be 
smaller than that of oxygen, Wollaston took as unit> the tenth 
part of the atomic weight of oxygon and made O -- /o 
Berzelius chose the hundredth part as hi® standard .md made 
O = ioo, with the result that soma dements had atomic 
weights larger than i,ooo 

However Dalton was the first to attempt the determination 
of the atomic weights and according to him 

0 ■ N : C : H 7.9R 4 67 5 085 1 

On the assumption of greatest simplicity m the molecular 
structure and the presence of only one atom of eaili constituent 
in many compounds practically he made the atom equal to tlw 
equivalent weight. 

But when we say that water is composed of o\y gen ami 
hydrogen in the proportion by weight of 7 98 . i, it does not 
follow that the atomic weights of, these elements are in tins 
iatio, but only that the weight of all the hydrogen atoms 111 a 
given quantity of water bears this proportion to the total weight 
of the oxygen atoms combined with them, so that 

n H m O - 1 7 9S. 

whero n and m represent whole unknown numbeis. The 
atomic theory only teaches us that a certain number of whole 
atoms of one substance lias combined with a definite number 
of whole atoms of a second element . 

n H with vi O 

The values of » and m are not know n. In othei w ords the 
atomic weights of elements are not necessarily the same as their 
equivalent weights, they may also be multiples of them bj a 
whole number 1 c. 

Atomic wt = Equivalent wt x « 

where v is generally a small whole number The solution of 
the problem therefore depends on the value of the equivalent 
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weights delei mined with the greatest possible accuracy, and on 
the value of ». 

Thus coming to the point of selecting a standard it is now 
customary to take the atomic weight of oxygen as 16 00 as the 
standard, and not hydrogen equal to 1 as the standard. The 
atomic weights of the remaining elements then have the values 
that are given m the atomic tables generally used. 

For obvious experimental reasons, compounds whose com- 
position is to be determined with the highest attainable accu- 
racy must be easily formed and not readily decomposed. 
In the case ot great many elements, oxides fulfill these condi- 
tions best, and m all such instances the deduction from the 
Law of Reciprocal proportions, of the ratio m which the ele- 
ment would unite with hydrogen involves an exact knowledge 
of the ratio m which oxygen and hydrogen combine. For 
many years this ratio was not known with any great accuracy 
and even at the present time is not considered as a definite 
fixed number as it depends upon the accuracy of experiments. 
The change in the ratio would necessarily bring about recasting 
of tbe w’hole atomic weight table To avoid this uncertainty it 
was suggested .vs already seen that, the atomic weight of oxy- 
gen should arbitianly be assumed to be ‘16’ a value not far 
from the truth, and the atomic weights of all the other ele- 
ments, including hydrogen, calculated on this basis. 

I Determination, of atomic weights by 
. “'Volumetric Methods.” 

We have already seen that all gases at constant tempera- 
ture, expand or contract equally (atleast very nearly) as the 
pressure put upon them is decreased or increased respectively 
(Boyle’s law) , and under constant pressure the same rise and 
tall of temperature produces in all gases approximately the same 
increase or decrease respectively in the volume (Charles's 
Law). 

From the above identical behaviour of gases it follows 
therefore that the mechanical constitution of all gaseous sub- 
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stances must be identical, and in all gases, under tnesame con- 
ditions of temperature and pressure the intra-molecular space is 
the same, or in other words equal volumes of all gases under the 
same conditions of temperature and pressure contain the same 
number of molecules (Avogadro's Hy pothesis). 

This is a modification of " Gay Lussac’s Law of Gaseous 
Volumes” : Gases combine with one another in simple propor- 
tions by volumes and the volume of the gaseous product is 
simply related to the volumes of the combining gases. 

“Now let us suppose that i c c. of hydrogen contains 1000 
molecules Here we do not see why they should combine 
with chlorine in the ratios 


1000 


1000 
920 ’ 


logo 
1040 1 


1000 
1130 ’ 


and so' on, whilst we 


easily conceive such simple ratios as — , ~ , ~~ > 

L 2 3 


and 


such simple proportions are experimentally verified ■ 

1 Cl 1 O 1 N 

1 H’ 51 T 3 H* 

In fact we do not find that 1 c c. of hydrogen combines with 
0.S1, ooa, 1.04, 1.13 c c of chlorine but with 1 c c exactly 
This is easily accounted for if we suppose that 1 c. c. of each gas, 
under the same external conditions of temperature and pressure, 
contains exactly the same number of molecules viz. 1000 mols. 


Moreover the particles of all substances mthe gaseous state 
follow laws of combination by volume u hich are equally* definite 
with those which govern combination by weight So the pro- 
portions by volume of all gaseous bodies which participate m 
any* chemical reaction are in the direct ratio of the number of 
molecules of each body, or in other words each molecule of a 
gas represents a unit volume of that body. And since when 
any two gases are at the same temperature and pressure they* 
contain the same number of molecules in the unit volume,” it 
follows that the volume of any gaseous molecule is the same, at 
the same temperature and the same pressure. Therefore : — 
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1 C. c H + i c. c. Cl = 2 c. c. HCL 
1000 mols. H + 1000 mols. Cl = 2000 mols. HCI. 

But each molecule of hydrogen chloride must contain at- 
least one atom of hydrogBn and one atom of chlorine since 
atoms are indivisible : 

2000 atoms H + 2000 atoms Cl = 2000 mols. HCI. 
1 mol. H - 2 atoms = H2, 

1 mol. Cl = 2 >i = CI2. 

Ha + CI2 = 2 HCI. 


and appljmg it to water : 

2 c. c H -r ic. c O =* 2 c. c. H2O. 

2000 mols H + 1000 mols O = 2000 mols H2O. 

4000 atoms H + 2000 atoms O = 2000 mols H2O. 

.. 2H2 -r 02 - 2H2O. 

Granting Avogadro’s hypothesis, the relative weights of the 
atoms can be ascertained. A volume of oxygen is found to 
weigh 16 times as much as the same volume of hydrogen. As 
equal volumes of these gases contain the same number of mole- 
cules, and moreover as the molecule contains two atoms, it 
follows that an atom of oxygen is 16 times as heavy as an atom 
of hydrogen 

The density of a substance in a gaseous state is a number 
expressing how many times a given volume of the gas is heavier 
than the same volume of a standard gas under similar condi- 
tions of temperature and pressure. And since in such condi- 
tions equal volumes of all gases contain an equal number of 
molecules, the density expresses how many times the molecule 
of the substance is heavier than the molecule of a standard gas, 
m other words, tne molecular weights of all gaseous substances 
.ire proportional to their relative densities. 

We find experimentally that oxygen, marsh gas and water 
\ap our are 16, 8 and 0 times respectively heavier than hydrogen. 



230 


CHEMICAI- 1HE0RY VND ARITHMIillC 


i 


CH VP 


Their molecular weights are therefore 16, 8 and 9 times 
greater than the molecular weight of hydrogen, and as it is 
understood that the weight of the molepule of hydrogen (H2) 
is 2, the molecular weight of oxygen, marsh gas and water 
vapour shall be 

O2 10 X 2 » 32 

CH4 8 x 2 = 16 

H2O 9 x 2 «= 18 

or the molecular weight is twice the density. 

The determination of the approximate value of the mole- 
cular weight of the substance, therefore, resolves itself into 
finding the weight of its vapour in grams which will occupy the 
same volume as two grams of hydrogen measured under the 
same conditions of temperature and pressure. This weight is 
called the “ Gram-moleoular weight ” or “ Molar weight * 
of the substance, and the volume which it occupies is called 
the “ Gram-molecular volume.” It is practically the same 
Jor all gases and 760 mm and 0 °C may bo taken equal to 
_>2 4 lities 


The relationship between the atomic weight of an elemeut 
and its density 111 the gaseous state may be evpiessed as 
follows • — 


Atomic weight = 


Molecular weight 
Atomicity 


Density x 2 
Atomicity 


Avogadio’s hypothesis ( applicable only to gases ) gives 
no diiect information concerning the atomic weight even when 
the vapour density of the element is itself determined 
Because we see from the above formula that unless the numbei 
of atoms which make up the molecule is known, it is impossible 
to tell what portion the atomic weight is of the molecular 
weight 

Under the mistaken impression often repeated by the 
beginners that the atomic weight of a gaseous element is 



XX. ■ 


A rOHIC WEIGH! . 


2^1 


always halfrts molecular weight, some atomic weights can be 
got as the above statement is certainly the case in some in- 
stances yet it is by no means an invariable rule, though at one 
time it was supposed that the molecular weight was necessarily 
twice the atomic weight But we know now’ that the excep- 
tions ate numerous and the relationship often depends upon 
the temperature at which the density is determined The 
molecule of phosphorus vapour is made up of four atoms, and 
therefore the atomic weight of phosphorus is but a quarter of 
its molecular weight. On the other hand each molecule of 
mercury vapour is made up of a single atom, so the molecular 
and atomic weights are in this case identical Similarh : 


(il Arsenic is tetratomic, 

(2) Oxygen as ozone is tn-atomic. 

(3) Helium, Neon, Argon etc. Mercury, Zinc and Cad- 

mium are mono-atomic 

1 4) Antimony between 1572 s to 1640° is Sb2 and Sb3. 

(5) Bismuth at 1700° is Bi and Bis. 

(6) Iodine and Bromine at high temperature are mono- 

atomic. 


(f) Sulphur shows a variety as per temperature 

In spite of these limitations a great deal may be learnt in- 
directly from a study of the molecular weights and composition 

of the compounds of the element whose atomic weight it is 
desired to be fixed. 8 


then?,Zr;Tr dy - ngthepr ° blem0f the determination oi 
elusion — fat0mS “ a molecule came to the general con- 

t 

If the composition and vapour density of a compound of a 

f en e, ® nien ^ can be experimentally determined, then it is easy 
to calculate tta , Wght [hat ^ 

Of its compound, relative to that of the nydrogen atom Since 

each molecule of the compound must contain a whole number 
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of atoms of the element in question and this weight must cither 
be its atomic weight or a rational multiple of that syeight. 

As it is extremely likely that if a sufficient number of 
compounds of the given element are studied, the molecule, 
atleast of one of them will contain but a single atom of the 
clement, and thus the smallest weight of the element found m 
the molecule of any of its volatile compounds is most probably 
the atomic weight sought. 

In short for the determination of the ( approximate } atomic 
weight of an element we have therefore two procedures . 

(i) When a single element, then by the formula 
Density 


Atomic weight = 


x 2 


Atomicity. 

This 15 useful to fix the true value of the atomic weight 
only, so far as, the atomicity of the element has been 
determined. 


(ii) When in a compound condition then . 

(1) Determine the molecular weights of a large 
number of compounds of the element in question 

(2) Analyse these compounds, and 

(3) Multiply the molecular weight or each by the per- 
centage of the element present in the compound 

The least value so obtained will be the approximate atomic 
weight. 

The atomic weight of an element is sometimes defined 
also as the smallest weight of it (or the Highest Common 
Factor of its weights) found ra the molecular weights of 
Its volatile compounds Hence the greater the number of 
volatile compounds examined for the purpose, the greater is the 
certainty of such a weight being its atomic weight. 

As an illustration of the second method, let us suppose the 
atomic weight of the element phosphorus to be unknown, but 
the composition and vapour density of a number of volatile 

compounds of phosphorus to have been experimenlallv deter- 
mined. 



ATOMIC WEIGHT. 


233 


XX. ] 

Thus phosphorus oxide is inown to be composed of. 

. phosphorus = 56-36 % . 

oxygen ... = 43-64 % 

Its vapour density is no, and thus its molecule is 320 
times as, heavy as the hydrogen atom 

.- 100 (phosphorus oxide): 220 :: 56-36 (phosphorus) :X 

. y 5 6 ' 3 SX 220 

•• X = 100 

~ ths of the weight of phosphorus oxide molecules are made 

up of phosphorus ; or in other words the phosphorus oxide 
molecule contains an amount of phosphorus weighing 124 times 
as much as the hydrogen atom. 

Similar data for a number of phosphorus compounds are 
tabulated as : — 


Compound 

percen- 
tage of 
phjspho- 
rus 

Vapour 

density. 

1 

l 

Mole- | Least weight of pbo«- 
cular ! phorus m the 

weight molecule. 

1 

1 Phosphorus 



j . . 

oxide. 

2 Phosphoric 

S 6 

no 

™ 1 &3& * Z2 ° 

J IOC 4 

oxide 

3 Phosphorus 

4366 

142 

- 1 4360 X 2S4 

, • 100 =" 4 - 

chloride. 

4 Phosphorus 

”54 

6875 

j 137 5 1 2Z -54 x I 37-5 _ 

1 ICO 

j I 

fluoride 

5 Phosphorus 
penta-flon 

35 ” 

14 

1 SS | 35-” x SS 
; .ton * l 

' 

nde. 

5 Hydrogen phos- 

2460 

63 

1 2460 x 126 

j too “ 31 - 

pbide. 

Hydrogen phos- 
phide (spon- 
taneously in- 

01 17 

17 

1 9117 x 

100 ~ 3 l 

i 

flammable) 

;n “ 

93 9-t 

33 

66 I 9 >‘ 9+ x 60 = 6 , 
j roo 
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On inspecting the «dio\ c t.tble it is at once apparent lli.ii, 
tho rclalixe weight of phosphorus in a molecule of each "of tin. 
sev< n compounds is utlicr tr, bi or 124 times ax great as i|j» 
weight of tndrogen, r. e. either 31 or .1 rational multiple of 31 

The v eight of phosphorus atom cmnot therefore, be 
greater and m all probability is not le»s, than 31 tnnti the 
weight of the lndrogcn <10.11. The probability tHA.ii* all the 
stronger, the larger the number of phospnoiU' compounds con- 
sidered 
Evmiples 

(1) I rout the data given, deluce the pn/j bJe , tomic 
weight ot oxygen . 


( jiscnu* com- 
pound 

Kihlne 

tlcns't. 

Utl d**ns 
x sit*; 
(approxi- 
mate mol 
14) 

Mo’c 
ruhr 
'.«• Rht 

Ani!}»x si .ltd 1.1 
parts bs •segh* 
o r me nio'c- 
* lilt 

(1) Carbon ii.- 
n\ V 

' 53 

1 

i 

i 

■ri 2 

i 

1 31 92 0 ■* 1 1*,; « 

\z) Sulpnur di- 
oxide 

2 Js 

61 >1 

1 

r 5 9’ , 

, 31 *15 O'*- 31 *,S Js 

<3) Sulphur irt- 
oxide 

: no 

S'". 70 

79 M i 

1 

J *,7’8S O ■*• 3r’oS b 

(4) Carbon mono 
oxide 

"97 

=797 

i 

2S93 ; 

i 

j 15 gO 0 *■ 11*97 f 

(5) Water 

063 

18: 

1 7 c'6 

| 15 96 O + 5 OO 11 

(6) Nunc o\*de 

T04 

30 0 

i 

2 9 97 j 

1 

j 15 9<> O + 1(01 N 


(16 is the atomic weight of oxygen ) 
(2) bind tho most probable atomic weight of carbon from 
the appended experimental results. 
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Gaseous compound 

1 Keladve 1 
density 
air 0 1 1 

Analysis m parts by weight. 

(1) Marsh gas 1 

°S 54 

11^97 C + 40 H 

(2) Methyl iodide 

4883 

11-97 C + 126 S3 I + 3 0 H. 

t3> Chloroform, 

4 20 

11 97 C + io6-n C 1 + t OH 

(4) Carbon monoxide 

0 96s 

1197 C + 1596 0 

{$) Carbon disulphide 

2645 

xt 97 C + 63*96 S 


(12 is the atomic weight.) 


<Wi 

{3) The vapour densities of a number 
phosphorus were determined as follows : — 

(1) Phosphoric oxide . P2O5 

(2) Phosphorous oxide. P2O3 

(3) Phosphorus trichloride. 

(4) Phosphorus penta-fluonde 

(5) Phosphorus oxychloride. 

(6) Phosphorus pentasulphide. 

(7) Tetra phosphorus tnsulphide. ... 

Analysis of these compounds gave the 
t.u>u!> of phosphorus : — 

(1) Phosphoric oxide. 

(2) Phosphorous oxide. ... 

( 3 ) Phosphorus trichloride 

(4) Phosphorus pentafluoiide 

(5) Phosphorus oxychloride 

(6) Phosphorus pentasulphide. . 

( 7 ) Tetra phosphorus trisulphide, 

Calculate the probable atomic weight of 
the above data 0 


of compounds of 

150. 
no. 
70. 

63- 

77 - 
in. 
1 14. 

following percen- 


43 7 per cent 
5 ® 4 n » 
z 2'5 „ 

2 4’6 „ „ 

20’z „ 

s 7'9 „ „ 
5«'4 .. » 
phosphorus from 
[30 
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II Determination of atomic weights by 
“Chemical Methods.” 

The first step in using this method is exactly the same a>. 
for the volumetric method, that is, an anal; sis is made of the 
substance, in order to determine the relative amounts oi the 
compounds The further procedure nuy he illustrated b\ re- 
ference to vi ater Water contains in round number- i part by 
weight of hydrogen to 8 parts by weight ol oxygen. 1 1 the 
lormula for water is HO, it is clear that the atomic weight of 
oxygen is eight refeired to l^'drogen as the unit ll on the 
other hand, the formula is taken as H2O, the ratio ol the 
amounts of the tw o elements to be in agreement with the analysis 
1 : Sought to be 2 t6 and therefore the atomic weight of 
ovygen is 16 Similarly il we take the foi inula HjO, the n- 
tomic weight of oxygon must be 24, in order to maintain the 
experimentally found ratio 1 8 Now it has been found that 

Ivydrogen can be displaced from water in two stages (by 
means of metallic sodium for instance) and tw o stages only. 
As not less than one atom can bo displaced at a time, it follows 
that there arc at least tw o atoms (and probably only two) of 
hydrogen 111 the molecule of water The formula is therefore 
H2O and the atomic weight of oxygen is 16 The last con- 
clusion is confirmed by the experimental fact that the oxygen 
cannot be displaced in stages and therefore only one atom is 
present. 

Further more the cases of methane and ethylene tell us 
that the ratio of carbon to hydrogen is 1 . 4 and 1 s Methane 
contains 3 parts of carbon to 1 part of hydrogen (in other 
words tne equivalent of carbon is 3) and ethylene contains 6 
parts of carbon to 1 part of hydrogen, and therefore the atomic 
weight of carbon in this case should be 6. But we know how- 
ever that dne-fourth of hydrogen in methane can be displaced 
by chlorine, hence methane contains four atoms of hydrogen 
and to retain the experimental ratio 3 1 the atomic w eight of 

carbon must be 12, provided only one atom of carbon is present. 
The formula for methane is therefore CH^, and it can be shown 
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by similar reasoning that the formula for ethylene is C2H4. 
The same conclusion can be reached readily by the volumetric 
method as shown in the case of phosphorus. 

Examples . — 

(1) If the electrochemical equivalent of oxygen is 7*98, 
silver is 107 66 chlorine is 35-37, antimony is 3786 and copper 
is 31*59 . and the hydrogen replacing power of these elements in 
the ccmpound used in finding the equivalents be for one atom 
of the element taken : oxygen 2 , silver ij chlorine 1, antimony 
2 and copper 2 atoms, what are the atomic weights of these 
elements ? 


[O = 15-96, Ag - 107-66, Cl - 35-37, Sb = 1 19 38 & Cu 
= 63-18] 


(2) Dumas found on heating copper oxide in a stream of 
hydrogen, that a certain weight of this substances lost 59-789 
grams of oxygen and yielded 67 282 grams of water. Calculate 
from these numbers the atomic weight of hydrogen IV0253 

(3) 0-3697 gram of aluminium liberated 0-04106 gram of 

hydrogen on being dissolved in a strong solution of sodium 
hydroxide. Find the atomic weight of aluminium, [27] 

(4) Stas found after adding 7 25682 grams of potassium 

chloride to 10 51995 grams of silver dissolved in mtnc acid r 
that o 0194 gram of silver remained in solutin. Calculate from 
these data the atomic weight 06 potassium £38*923 

(5J Morignac obtained 314-894 grams of silver nitrate 
rom 200 grams of silver. 14-110 grams of silver nitrate required 
6 191 grams of potassium chloride for complete ‘precipitation, 
and 10 339 grams of silver dissolved in nitric acid required 5-120 
grams of ammonium chloride for precipitation. Calculate the 
atomic weight of nitrogen from these data. 


[ From synthesis of silver nitrate 13*967 1 
By precipitation with pot-chloride 14-026 j-mean = 13 ay, 
” " » a ™ „ 13 * 945 ) 

I 
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111 Determination of tlie atomic weights by 
“ Specific Heat.’’ 

There is another method of determining atomic weights, 
which has been very serviceable as it is applicable precisely to 
those cases where the elements to> in 110 volatile compounds, 
and thus where the atomic \\ eights used to be doubtful Dulong 
and Petit in 1819 stated that “the product of the atomic 
weight and the specific heat of solid elements is con- 
stant ”, and this is 6'4 (or 6'25). This product is called 
' Atomic Heat and thus we may state the law of Dulong 
and Petit thus — 

The atomic heats of all solid elements are equal 

(Specific heat is that qu mtity uf heat, measured in calories, 
required to warm 1 gram of the substance Llnough i°C The 
calorie being the quantity of heat required to waim one gram 
of water through i°C ) 

The specific heats of solid elements are in. the inverse ratio 
of their atomic weights 

N. B. [Dulong and Petit’s law applies sli icily only to 
solid elements, generally to a metal whose atomic weight 
exceeds 30]. 

From the above it is evident that the approximate atomic 
weight of an element will be given by the equation . — 

. Atonuo = Specific heaf 

The law is not perfectly accurate as tlie atomic heats of 
different elements vary somewhat 

From the above formula we can get the atomic weight, but 
the quotient is not an exact atomic weight it is only an appro- 
ximate number, for the law is approximately true 
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Elements 

Specific 1 
heat 

Atomic 

weight 

Atomic heat => 

Sp. ht x at. wt 

r Bismuth 

00305 

206 9 

6*3 

3. Lead 

ooSJS 

*oS 35 

6 4 

3 Gold 

00317 

T 95 7 

6*2 

4 Copper 

a 0950 

63 » 

60 

5 Nu.kel 

0*1084 

583 

63 

6 Iron 

0 1098 

55 5 

6 *i 

7 Sulphur 

c 

0 1712 

31 82 

54 


Examples • 

In an experiment it was found that 1*032 grams of tin gave 
1 "3 10 grams of stannic oxide on oxidation with nitric acid and 
subsequent ignition. Given that specific heat of tin is o 0562. 
Calculate the atomic weight of the metal. 

Inspection of the example tells us here that we will get 
(1) an approximate atomic weight, (2) also the correct equiva- 
lent wteight. Thus as Dulong and Petit’s law gives us only an 
approximate value, we must get the equivalent of tin first on 
which, or its multiple, we can then fix the atomic weight as it 
is either the equivalent or its multiple Thus the calculation 
involves three steps ’ — 

(i) Calculation of the correct equivalent of the metal 

i*3io grams Tin oxide 
1 Qjg „ Tin 
0*278 „ Oxygen. 






2'C 


CHEMICAL THEORY VXD ARITHMETIC. 


CHAP. 


Thus : — 

o 278 gms O . S sms. O : : 1-052 crm. Sn : X 

The chemical eqjivr’ent of tin -n the stan-MC cxide 

is . — 

row x S 

= 2C "' 

(2) Calculation of the aprroxsm->te ntc-nic v.-eigat fro-n 
the Dulong and Petit’s law 

Atomic weight = ^Vat = = "" 

(3; Findmg of the multiple of the ccuivalcnt which is 
nearest to the approximate ator-'C we <ht. "This : s the cccu- • 
rate atomic weight". 

By inspection the multir ! e of 20 * "-e-.TiSt to 112 ; s seen 
to be j. x 207 = 1 iS S. 

.. The accurate atom c v eight -S ; iS~8. 

X. B. Step (3) mar be performed in two stages, if tr.e 
multiple of the equivalent weight nearest to the approximate 
atomic we»ght is not (as above) evident at s'ght. then 

(3.a) Find tne valency of the metal, thus . — 


Valency ofSn 


atomic weight fapprox ) 
chemical equivalent. 


112 

= = i {to the nearest 

/ 

whole number-, 

j.b; Calculate the atomic v-eight of the metal from its 
equivalent weight and valercv : — 

Atomic weight of an = Chemical equivalent x valence. 


2 97 x 
:i8-S. 
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(2) The specific heat of non is o*i 14 Calculate its appro- 
ximate atomic weight. s (5 6 ' 1 ) 

(3) 0 5 2 39 gram of a metal of specific heat 0*0936 g ave 
0*6557 gram of its oxide. Find its exact atomic weight. (63 6) 

(4) 1*2169 grams of the chloride of a metal were convert- 

ed into the sulphate by heating with concentrated sulphuric 
acid The weight of the sulphate formed was 1*3270 gnus. 
The specific heat of the metal is o 0314. Calculate its atomic 
weight (205 3) 


IV Determination of the atomic weights by 
"Molecular Hypothesis." 

Since by hypothesis an atom is indivisible, a molecule of 
an element or of any of its compounds cannot contain less 
than one atom of that element. 

Hence if we determine the molecular weight of any one 
compound of a given element, and then by analysis find the 
weight of the element which is contained in the molecular 
weight of the compound, it is evident that, the atomic weight 
of the element cannot be greater than the number thus obtain- 
ed We may continue these operations with a large number of 
other compounds of the same element and the smallest weight 
of the element which is ever found is evidently the mavi rpiim 
atomic weight. , 

1 The maximum atomic weight of an element is the least 
weight of it which is ever found m one molecular weight of any 
of its compounds * 

As in the many thousands of carbon compounds, which 
have been investigated, less than 12 parts bv weight of carbon 
has never been found in the molecular weight of any one, we 
conclude that the atomic weight of carbon is 12. 


3 * 
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V Determination of the atomic weights "by 
" The Law of Mitseherlich.” 

There is another very peculiar method, besides those 
gnen above, which has been employed for choosing the 
correct atomic weights, and this is based upon isomorphism. 
Substances are said to be isomorphous when they show i e 
have the same crystalline form and tin* way of different 
substances assuming the same form — ic crystallizing m the same 
system is isomorphism, and these substances are said to be 
isomorphous ( isos = same, morphe <= form ) It may be 
stated here that, as a genetal rule isomorphous substances have 
analogous chemical constitution Thus if the chemical formula 
of one substance is know n and another substance is found to 
be isomorphous with it, it may be concluded that, in all proba- 
bility, the formula of the second substance is analogous to that 
of the first. 

In 1812 Mitscheilich, who had been engaged on the study’ 
of the crystalline forms of the salts of phosphoric and arsenic 
acids with the alkali metals came to the following conclusions — 

( i ) The foim ot the crystals of alkali phosphates and 
arsenates, as shown by the measurement of the angles was 
the same 

(ii) Cryst&ls deposited from a mi\ed solution had the 
same form as those deposited from a pure solution of either .1 
phosphate or an arsenate 

(ill) A crystal of one of the substances, w hen placed m the 
saturated solution of the other, continued to grow by super- 
position of the second substance, the form of the crystal remain- 
ing unaltered 
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These potassium salts had analogous composition a. they 
contained the same quantity of potassium, oxygen and. urate: of 
crystallization, and whatever difference was. was only in the 
weight of the chief element (i.e. phosphorus and arsenic.). 

From other similar isomorphons bodies, the chemist gensr- 
lized tne statement tnat '• Substances which, have analo- 
gous composition crystallize in the same shape. L e. 
aTe isomorphons.' Thus when one element replaces another 
in a compound without altering the crystalline form, it is 
assumed that they displace each other atom for atom. 

A lilue consideration shows that *. method cf S-n-r 
atomic weights may be based on the above statements. If sr 
element of known atomic weight is displaced, 'ey 
another of unknown atomic weight, the amounts are 
in the ratio of the atomic weights. 

To ufto a "tuple example, the two salts potasshre: 
chlodde KCI and potassnim iodide KI are isomorpheus, and we 
.issues that the atomic we ght of chlorine is known. Analvses 
show that potassium cblcride contains 59 ports ot potassium to 
55-5 parts of chlorine, and that for the same amount of potas- 
sium the ether ^alt contains 127 parts 0? iodine. I\ cw -c 
iodine is assumed to have displaced chlorine for anatom of it. 
it foaov-s that 127 is the atomic weight o'iodrns 
Etamnles : 


{1> suI P hid “ as »d silver sulphtae arc isomorpa^us 

compounds, me percentage of sulphur in the former is za-u. 
and h the latter 12-94. Given that the atomic wewht of c — e- 
Calculate that of silver. tnZ-V 

.12 icdium-nyd-ogeu-arsecate h isomorpjous with 
3,1 the letter bdn - rented bv the 
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formula XaaHPO-j.isHsO Analys-s of the arsenate shows 
that it contains 18 64 per cent of arsenic. Calculate the atomic 
weight of arsenic using the following weights : — 

O = 16 , H - 101. Na = 5506. [?4*S?] 

(3) The formula for the ordinary potassium alum is 
K2SO4 Al2(SC»4)3 24H2O Gallium forms a potash alum 
isomorphous with this and containing 1 3'52 per cent of the 
metal Calculate the atomic weight of gallium. [69'85 j 


VI Deter mina tion of atomic weights from 
••The Periodic System." 

When a huge number of elements were given their indi- 
vidual atomic weights and also when their chemical and physi- 
cal properties were studied, especially collectively, it became 
clear to some chemists that these various elements show a pecu- 
liar relationship amongst themselves 1. c chemically similar 
elements possessed either almost the same atomic weights as - — 

Iron = 55 5 , Nickel = 5S 3 , Cobalt = 58 5 
or else that they exhibited nearly a constant difteience like — 

Chlorine = 352, Bromine =794, Iodine = 126 
t. e. an increase of 44 2 and 4ft 0 respectively. 

The discovery of this general statement about the relation- 
ship of the various elements led to the establishment of the 
Great law called “ The Periodic Law of MendeleefF” 
which is — 

• The whole of the properties of the elements both chemical 
and physical vary in a periodic fashion with their atomic 
weights ” 

He sought to illustrate this law by arranging the elements 
in a tabular form This attempt to tabulate the elements gave 
us the common periodic table. ( next page ) . 
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Now if an element is to be given a correct position z. e 
atomic weight, what one has to do is to expand the properties 
of the element m question, and the atomic weight may be 
easily fixed by bringing it to the position which would be 
conveniently occupied by' the element in confirmity w'ith its 
own properties and those that ot the neighbours 


Reasons for preferring atomic weights to combining 
weights m representing chemical formnlse. 

“ There is always a sort of doubt expressed especially by 
beginners as to why we should have atomic weights as the 
ruling factors in chemical foimulaj, while the elements do not 
combine according to their atomic weights but do so on the 
contrary according to their combining weights. 

From the loregoing sections the advantages of using the 
atomic weights in place of the combining weights are evident. 
1 hns if for example we use the combining weight for oxygen 
8, the least number of combining weights in a molecule will be 
a, and this introduces a needless complication 

In the same way, each molecule of a carbon compound 
would contain 4 or some multiple of 4 as combining weights 

Still another advantage of the atomic weights over the 
combining weights is seen in the Dulong and Petit’s law. There 
is no such connection between the specific heats and the com- 
bining weights, as has been shown to hold for specific heats and 
atomic heats. Finally it is seen that the remarkable relation- 
ships between the atomic weights according to the periodic 
system are entuely absent when the combining weights are 
used instead *’ 
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The Law of Mass Action and study of 
Reversible Reactions. 


Ever} student of cnemistr} knows that matter la not on!} 
indestructible but it (its atoms} also is ne\ er at rest <tnd the 
composing particles are always in a state of constant motion 
This though to laymen, appears to be verj curious, still it is .> 
fact and best borne out by gases, where the continuous move- 
ment of the particles is directly indicated by the pressure they 
exert. On account of these continuous movements we find that 
whenever substances having mutual afhnity come or are brought 
in contact with one another, they form compounds, which r« - 
main apparently stable or unstable depending upon the force oi' 
movement or affinity. The result being the algebraic sum ot 
the two opposing forces In spite of these things, often time-, 
it happens, that on account of the unceasing movements of the 
atoms, there is a constant tug-of-war between the tw o forces of 
affinity and constant motion, leading ultimately to the forma- 
tion of some particles, and at the ver> same time to the decom- 
position of the others, which have been already formed 

The speed of formation or decomposition would be more 
or less depending upon the possibilities afforded to those var\ - 
ing reactions leading ultimately to a' stale of equilibrium or a 
state of affairs wbere the reaction proceeds with the same speed 
in both the directions or bettei w here the reaction is reversmle 

Reversible reactions are those chemical reactions m 
which the products of a chemical change, interact to produce 
the original substances, so that the reaction between the 
original substances is never complete, no matter how r long the 
process may be carried on. Many of the chemical reactions 
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are reversible ;. c. under one set of conditions they preceed m 
one direction and under another set of conditions they proceed 
in the opposite direction. 

/ * 

Steam reacts with red hot iron to produce iron o\ide and 

hydrogen . — 

1 

3l*'e + 4H2O = Pe3()4 + 4H2, 

and hydrogen reacts with iron oxide at high temperatures to 
produce steam and metallic iron — 

t 

Fe3C>4 + 4H2 =- sh'e + 4H2O. 

Here we are dealing with two independent and anta- 
gonistic changes If, however, iron and steam are heated in a 
closed vessel so that the products of the reaction are not carried 
away from the seat of reaction as soon as they are formed, a 
very curious result is obtained It seems as if the reaction 
stops after a time. It is found that 4.5S % of steam remain 
undecomposed when iron is heated at 2oo°C in a closed vessel 
with steam at an initial pressure of one atmosphere 

This means that in a reversible reaction, the two opposite 
changes take place simultaneously, and set up a state of 
equilibrium, between the resultants and the reactants of the 
chemical change If v e start with metallic iron and steam, in 
the beginning when the reaction is just starting, the velo- 
city with which steam decomposes will be the greatest, because 
the system then contains the greatest amount of the reacting 
substance steam. As the concentration of the reacting steam be- 
^ comes less and less, the velocity of decompostion of steam gradu- 
ally slows down On the other hand the velocity of the reaction 
between IJ2 and Fe304 will be zero at the commencement, 
because none of the reacting substances are then present 
As hydrogen accumulates, the velocity of the re\ erse change in- 
creases. Ultimately a point will be reached when the veloci- 
ties of the two opposite changes will be equal. One reaction 
will be balanced by the other and no further chemical change 
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will occur. The reversible reaction is then in a state of equili- 
brium For this reason reversible reactions are called oppos- 
ing: or balanced reactions and in order to indicate that the 
two reactions are proceeding simultaneously from “ right to 
left " and from "left to right," reversed pointers " 7 — are 
conventionally used in place Cfthe symbol “ = Accordingl) 

the action of steam on iron is symbolized as fpllows * — 

< 

3Fe + 4H2O Fe304 + 4H2O. 


As the constituents of a reversible reaction are in a-state of 
equilibrium, the addition or removal of one oT them will cause 
a distuibance in the equilibrium sj stem. In order to define 
more clearl} the principle governing reversible changes we must 
introduce .the concept of mass action.* 

Influence of concentration of the reacting sub- 
stahoes on the equilibrium 


We are now in a position to consider a little more fully, the 
influence of conditions upon the equilibrium in a chemical 
system The first point to be borne in mind is that an equili- - 
brnimcan only be established when all the reacting 
substances remain m the system within the sphere of 
action If one of the products of the reaction is continuously 
removed Irom the system, the back reaction is no longer possi- 
ole Suppose we start with sodium chloride and sulphuric acid 
then we know that if excess of sulphuric acid is used then we 
reach a certain equilibrium as . — 


NaCl + H2SO4 NaHSCty + HCl! 

if we heat the substance then we know that the hydrogen 
chloride being a gas leaves the system being no more soluble at 
that temperature. The reaction represented by the lower 
arrow cannot take-place and thus the chemical change proceeds 
practically to completion in the sense of the. upper arrow Here 
it should be particularly noted that sulphuric acid does not 
displace hydrochloric acid because the former is 
s ronger than the latter. In fact as we have already seen 
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amount of alcohol used. In other words a chemical change Is 
influenced by the relative amounts of the reacting substances. 

Besides this example of ester formation many other cases 
are known which illustrate the effect of mass action. For 
example, Berthollet noticed large amounts of sodium carbonate 
(trona) on the banks of salt-lakes in Egypt. He suggested 
that, the formation of sodium carbonate on the banks is due to 
the decomposition of calcium carbonate present on the banks 
of these lakes by sodium chloride brought down by the rivers : 

CaCC>3 + sNaCl — > NaaCC>3 + CaCla. 

Now the above reaction that takes place on the banks is 
exactly the reverse of the reaction that usually takes place 
under ordinary conditions in a laboratory, because calcium 
carbonate is always precipitated when sodium carbonate and 
calcium chloride are brought into contact, with each other. 
Berthollet, however, accounts for the reaction taking place on 
the Egyptian lakes, as being due to the larger amounts of 
sodium chloride present, in other words the large amounts of 
sodium chloride influence the reaction between sodium chloride 
and calcium carbonate. 


The influence of relative amounts of the reacting sub- 
stances on a chemical action was thus clearly recognised in the 
times of Berthollet, but was not formulated till Guldberg and 
Waage (Norvegian investigators) enunciated the law of 
mass action. ' 


The Law of Maas Aotion. 

The law of mass action states that the rate of a chemi- 
cal reaction is proportional to the product of the active 
mass of each of the molecules reacting and fur ther in 
a reversible reaction equilibrium is established when 
the velocities of direct and reverse reactions are equal. 
The Jaw of mass action can be deduced from a molecular 

nlmS a p d ' P °’ nt “ weI1 “ from the stand-point of thermody- 
nam.cs. For the present we shall confine ourselves to the 
explanation of the terms involved in the law. 



?S 2 CHEMICAL THEORY AND ARITHMETIC. [CHAP. 

First of all the terms “ the rate of a chemical action ” or 
“reaction velocity" and “active mass ' require some 
explanation By reaction velocity we understand the 
number of gram-molecules of a substance transformed 
from one system into the other m unit of time ( one 
minute ) By active mass is meant not the total amounts of a 
substance taking part in a reaction, but by the term “ active 
mass” is meat the concentration of the substance m 
gram-molecules per litre. 

It must be borne clearly m mind that the emphasis vv Inch 
is laid at the present time upon the active mass ( i <• the 
concentration) of reacting substances does not touch the 
fundamental problem of why the affinity between different 
substances is so Widely different l his merely gives us a 
mathematical means for experimentally finding out how the 
influence of mass alters the result of chemical affinity in indi- 
vidual cases. 

To come to the law of mass action especially the correct 
determination on matuematical lines as already said above we 
must take cases, with systems that remain homogeneous 
i e no precipitate or gas is formed After choosing such a 
reaction we have to see the effect of changing the relative 
amounts of the reacting substances or in short the active mass 
of the reaction 

Suppose we take equivalent amounts of hydrogen and 
iodine in a sealed tube and heat it to 445°C we find that after a 
time equilibrium is established and 79 % of hydnodic acid, 
HI, are formed and 21 % of h> drogen and iodine remain un- 
combined ' 

H2 + la xri 2HI 
21 % zi % 79 % 

If now* suppose vv e change the concentration of iodine 
only, and make it double the first one, it 15 found out that, in- 
stead of 79 per .cent, about 93 per cent of the total hydrogen >s 
converted into hydrogen iodide at equilibrium m the above 
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equation. Exactly the same result is got by increasing the 
concentration of hydrogen instead of iodine. This can easily 
be seen from the molecular kinetic stand-point In the gas 
there is a constant .movement of the molecules of the gases, and 
for the formation of compounds, the different reacting mole- 
cules must collide against one another and the rate of formation 
of the compound \s ould depend upon the number of collisions 
per unit time between the colliding molecules. 

Thus if in a definite volume of gases the amount of iodine 
is doubled, the number of collisions per unit time will also be 
approximately doubled, and the rate of the reaction represented 
by the upper arrow in our equilibrium reaction is correspon- 
dingly increased. This means a different concentration for the 
equilibrium in the second case to have a balanced reaction. 
This is only possible if the individual amounts of hydrogen 
and iodine fall off in the given volume and thus make it 
possible for a corresponding increase m the amount of hydrogen 
iodide 


Thus it becomes quite clear that the rate of a chemical 
• reaotion is proportional to tie molecular concentration 
of each of the reacting substances. At this stage it must 
be clearly and definitely borne in mind that the rate is not 
proportional to the total amount of each of the substance 
present at the time of the reaction, but it entirely depends upon 
the individual concentration i e upon the amount per unit 
volume. To verify- this, let us again take the instance 
ot hydrogen and iodine 


' We take two vessels each containing the same amount of 

raHii^ ' vhl 6 quantities of hydrogen are taken, sav in the 
ratio z It is evident from what we have already seen that 

the nST ° f °° ! IS, ° ns and hence the speed of the reaction in 
the second vessel mil be double that m the first vessel, corres- 

ponding to the fact that the concentration of hydrogen is double 

“ the cf’ ’V? If however - we add more hydrogen 
s m the case of the second vessel but allow the volume to in- 
ease, i c the resulting volume is greater than the first ,one, it 
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is seen that the speed of the reaction is not doubled. It is 
clear from the fact that owing to the greater free space which 
the molecules occupy in the latter case the number of collisions 
is not doubled by doubling the amount of hydrogen. Thus we 
see that the rate of change in a chemical reaction is propor- 
tional to the molecular concentration of each of the reacting 
substances. Instead of " molecular concentration " the term 
“ active mass " is preferably used because the latter term may 
imply that the rate of a chemical change is doubled by doubling 
the mass of one of the reacting substances, which is not the 
case unlees the total volume is kept constant. 

Usually the active mass is represented by enclosing the 
chemical symbol in a square bracket, ‘e.g. [HaO] 

The second term that requires a little consideration is the 
employment of the product of the active masses. Accord- 
ing to the law of mass action the rate at which A and B are 
combining, say in the reaction A + B — *• C + D, is taken 
to be proportional to the product of active masses of A and B, 

1 c. the rate of combination is equal to a constant x[A][B] 
The employment of the product of active masses and not any * 
other function (such as sum) is justified by the deduction of 
the law from the stand-point of thermo lynanncs 

The third and the last point to be considered when 
applying the law of mass action, is that every reacting 
molecule must be considered separately because the rate 
of a reaction is proportional to the product of each of 
the reacting molecules Consider a reaction in which 

2 moles (molecules) of A, react with i mole of B, to form 2 
moles of C, and one mole of D The reaction is : — 

2A. + B — * 2C + D. 

In this case the rate at which A and B combine is not pro- 
portional to the product of the active masses of A and B, but 
will be governed by a certain complicated function. In such a 
case the rata is taken proportional to the • n ’th power of tne 
active mass of the reacting substance, where n is equal to the 
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number of molecules of the substance taking part in the reaction 
In the reaction under consideration, the rate of combination 
of A and B is taken equal to 

= const, X [A] [B] 

These considerations can very comementl; be put m a mathematical 
form bj assuming that tiro substances, saj A and B react to lorn t«o 
neir substances CandDas — 

A + B jzi C + I) 

Suppose that the respective molecular concentrations at equilibnum 
are a, b, c and d Thus the rate of the direct reaction must be m 
proportion to both a and b, and is therefore proportional to their product 
This is represented as •— 

direct rate = K, a b 

Here K. stands for the constant depending upon the mutual affinity 
betaeen A and B, and the effect of evtemal conditions such a^ 
temperature etc 

Similar]), 

( reverse mte = W c d 

At equilibnum the rates of direct snd reseise reactions must 
be equal. 


.. Direct rate = Reierse rate 
1 < K a b - K'cd 


. a_b £ 
c d = K' ” K| 


abere K stands for the ratio of the ho constants K ' and K, and i» 
also aconstant and like K and K'rs independent of the concentrations 
This a better seen by supposing that m a certain time V, a molecules 
of C & I) are formed, so that the number of molecules of A and B are 
reduced to ( a - x ) and { b - \ ) respectively 


JJuttftela* of mass acbon states that the reaction velowtv bpropor- 
tw,l to the acme masses present Hence ue ha, e Velocity of Yhe 
dimct reaction (nhen Ume ‘ t 1 1 has etepsi) = K ( , - \ , , h _ 0 
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Fbc‘_y — e come to a point when ro '_rther change occurs so tost 
t~e ve’ccty o f tre -ereree reaction is . — 

K'tx) (*) - K-. a? 

jt e-mTbn.r' d-rect rate = reverse rate 

K. (s. - x) , b - s = K. \? 

(a - s)(b - s- K' 
or ^ - K - K. 

K-.-tng conrdered the terms employed ra the law o' r ass 2cS>->_ 
ei us app.y :t to ? esse of t e v er v b'e reaction. For purposes o r appl car'*-' 
a: cs se’ect a rvp cal case of a siepite reaction rt tee fomtsiltr. o* 
etertscetate ard water from e“Jbyi alconoi and scet-c a<rd - 

CnHyOK - CH 3 .COOK T~* CH 3 COO.r=H5 -r HrO 
.vccDrd-nc to ire aw o' mas acton : 

V ... tre me of tee c reel reaction. /. ■-. ice ate of d.sappea-w^; r 
a c-1-0* ana acstc red : 

- f C2K5OK ' ;CK 3 .COOH 

iVcere Ej a tie propatioraLty f’eto- and toe squan. brockets 
enc osrc tie crem cal symbols denote tee ccccsntatons of ssimancc 1 
in sraomo’ecr’es per hue at erzCbrtan 

Srnlsrly V s . the rate of reverse rerct on.;, e.ice -ate o' £*27- 
psac-i-ce o' eth~. sceiaie cad water 

* in 2 CH 3 .COO C2E5 2 2 HaO 
ICt w at ecu . ir.c tre veiortre s o f tre wo opposing react ic= :• re *■_•* : 

Yt = Vi. 

So also 

:c=k ; oh: 2 ck 3 cooh 2 - e s [ch 3 coo C3K5 2 2 H=o 2 - 
. 2 ck 3 .coo C2H5 2 f HaO 1 j-i 

" [ CrHyOH i 2 CK 3 -COOH 2 “ k. = E ' 

v-nsre £ is cc~ed tee “ eqcuForhan oxistnr: r ci tie r sector, :-e >n os 
of which only vares wrti ice temperamre. 

The mathematical relationship de3nced above, enab’es 
ls to invesygate the effect of varying the constituents of tne 
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reversible reaction 'already iir eqhilibtihm>. Suppose" in the 
above case, we diminish the concentration of water. The 
value of the numerator will he diminished, for equilibrium, 
K, has. a constant value and under the new change it can retain 
its constant value if, simultaneously with the numerator, the 
denominator also decreases Now the denominator can only 
decrease if the concentration of alcohol and acetic add dimini- 
shes which .can only happen by the formation of ethyl acetate 
Hence if we decrease the concentration of water, more of ethyl 
acetate is formed. Similarly it dan be 1 showh that if wa in- 
crease the’ concentration Of alcohol of acetic acid’, more’ of eflivl 
acetate is formed. 


Thbabove-result may be-stated as follows . — If one of the 
constituents of a reversible reaction already in equilibrium is 
removed, equilibrium is destroyed and further change proceeds 
in the direction where the substance is removed till equilibrium 
is re-established On the other hand, if one of the constituents 
of a reversible reaction is increased,, further change proceeds 
in the direction opposite to that where the substance is added 


These are quite general rules and show qualitatively how 
the reversible reaction is displaced with changes of concentra- 
tion. We will now illustrate the application of these rules, by 
considering a few well known reversible reactions. 


When hydrogen sulphide is passed in a solution of zinc 
chloride, zinc sulphide is formed but only a part of the zinc is 
precipitated as sulphide. On the other hand, if hydrogen sul- 
phide is passed into a solution of zinc chloride containing 
wcess of sodium acetate, all the zinc is precipitated as sulphide^ 
The iisual explanation, apart from the hypothesis of ionization 
is that, the formation of zinc sulphide from zinc chloride and 
hydrogen sulphide is reversible : 


ZnCl2 + HaS ^ zHCI + ZnS 

ariHw < !i Pre M n f 0fSOd!UmaCBtate decomposes hydrochloric 
acid double decomposition, with the formation of acetic 


33 



258 CHEMICAL THEORY AND ARITHMETIC. [ CHAP. 

aHCl + 2 CH 3 COONa — > 2CH3.COOH + zNaCl. 

The hydrochloric acid being removed, the change proceed* 
in the direction where the acid is removed, r. e. in the direction 
represented by the upper arrow with the formation of hydro- 
chloric acid and zinc sulphide. Now if the sodium acetate be 
present in excess, hydrochloric acid is removed as soon as it is 
formed, and die change continues proceeding in the direction ot 
the upper arrow, till all the zinc is precipitated. 

A still better illustration of a reversible reaction is the 
formation of bismuth oxychloride from bismuth chloride and 
wateT . 

B1CI3 + HaO «=£ BiOCl + zHCl. 

If hydrochloric acid is added to the system, the equili- 
brium is displaced in the direction represented by tho lower 
anow, and a homogeneous solution is obtained. If on the 
other hand excess of water is added to the homogeneous solu- 
tion, the equilibrium is displaced in the direction of the uppei 
arrow and a precipitate of bismuth oxychloride is formed. 

Still another example of a reversible reaction is the forma- 
tion of calcium carbonate from calcium chloride and ammonium 
carbonate : 

CaCla + (NH4)2C0 3 7=*. CaCOs + 2NH4CI. 

A solution of calcium chloride yields a white precipitate 
with ammonium carbonate , yet if calcium carbonate is boiled 
with ammonium chloride in excess, the change proceeds in the 
direction of the lower arrow’ with the disappearance of calcium 
carbonate. 

It is important to bear this in mind in analysis, since traces 
of calcium might be overlooked if great excess of ammonium 
chloride is present. 

Other examplos of reversible reactions are the interaction 
of iodine, sulphur dioxide and water.: 

Is + SO2 + 2H2O 7=+ H2SO4 + 2HI, 
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and the interaction of steam and iron filings which are studied 
in the manner indicated above. 

Experiments. 

1. Study the effect of adding ferric chloride, ammo- 
nium snlphooyanide and ammonium chloride 
in the case of the following reversible reac- 
tions:-— 

FeCl3 + 3NH4CNS Fe(CNS)3 + 3NH4CI. 

First prepare the following solutions : — 

NH4CNS sol. . . 3.7 grams of NH4CNS in 100 c. c. of 
water. 

FeCls sol. . . 3.0 grams of FeCl3 in 12.5 c. c. of 
concentrated hydrochloric acid in 100 
c. c. of water. 

XH4.CI . . a saturated solution. 

Now mix 5 c. c. of feme chloride and 5 c. c. of ammonium 
sulphocyamde solutions in a beaker and dilute the solution to 
two litres with water. Divide the solution between four 
beakers and place them on a white paper. 

To the second and the third beaker add 5 c. c. of ferric 
chloride and 5 c c of ammonium sulphocyanide respectively, 
whilst to the fourth beaker add 50 c. c. ammonium chloride 
solution, and note the colour changes by comparing the 
tints with the original mixture in the first beaker. ‘ 

Results . — 

5 c c of FeCl3 sol. + 5 c. a of NH4CNS sol. when 
diluted to two litres give a pale ted mixture. 
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Interpretation : — 

The white precipitate is due to the formation of insoluble 
antimony oxychloride according to the following reversible 
reaction : — , 

SbCl3 + H2O ?=► SbOCl + 2HCL 
(soluble) (insoluble) 

* When the concentration of water is increased by the addic- 
tion of water in excess, then the equilibrium is displaced in the 
direction of the upper arrow, with the formation of the insoluble 
antimony oxychloride. 

On the other hand, when the concentration of hydrochloric 
acid is increased, by the addition of hydrochloric add in excess, 
then the eq uili brium is displaced in the direction of the lower 
arrow and the solution remains clear. 

III. Investigate the action of water and concen- 
trated hydrochloric add on the solution of 
bismuth trichloride. 

Reaction — BiCl3 + HaO BiOCI + 2HCI. 

IV. In vestigate the action of sodium hydroxide 

solution on the given solution of aluminium 
sulphate, alone, and in presence of ammonium 
chloride. 


Experiments. 

• 

Observations 

Sol. + a few drops of NaOH 

Sol + XaOH m excess 

Sol. + NaOH in excess and 
then excess of NH4CI 
solution 

A white gelatinous ppte. 

A white ppte. in the beginning, 
which dissolves m excess 
of NaOH. 

A white ppte is formed which 
disappears on the addition of 
the excess of NaOH but 
again appears after the addi- 
tion of the excess of NH4CL 
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Interpretation : — 

The white precipitate is due to the formation of aluminium 
hydroxide : — 

Al2(SC>4)3 + 6NaOH — > 2Al(OH)3 + 3NasS04 

The white precipitate is then dissolved in excess of sodium 
hydroxide with the formation of sodium aluminate, which 
takes place according to the following reversible reaction * — 

Al(OH)3 t 3NaOH — > Na3A103 + 3H2O. 
or in terms of ionic theory 

Al(OH)3 (insoluble) + 3OH' AIO3'" + 3H2O 

When the concentration of OH' -ions is increased by the 
addition, of excess of NaOH, the equilibrium is displaced in the 
direction of the uppeT arrow, and the precipitate dissolves 
When, however, ammonium chloride is added, the NH4' -ions 
combine with OH' -ions to form undissociated NH4OH and 
thus diminish the concentration of OH' -ions. The concen- 
tration of OH' -ions being decreased, the equilibrium is dis- 
placed in the direction of the lower arrow, with the formation 
of insoluble aluminium hydroxide 

V Investigate the action of hydrogen sulphide on 
the given zinc chloride solution, alone and in 
presence of hydrochloric acid and sodium 
acetate * — 


Experiments 

Observations 

Sol + H 28 m excess 

Sol 4 - H2S and then add 
HO 

Sol + HQ m excess, and then 
add H2S m excess 

A white ppte 

A white ppte which dissolves 
on the addition of HQ 

No ppte 
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Experiments 

Observations 

Sol + HC 1 in excess + 
CH3COONa m excess 
and then add H2S in 

excess 

A white ppte 


Interpretation — 


The white precipitate is due to the formation of zinc sul- 
phide which takes place according to the following reversible 
reaction : — 


ZnCla + HaS ;=£ ZnS + aHCl. 


When the concentration of hydrogen sulphide is increased, 
the equilibrium is displaced in the direction of the upper arrow 
with the formation of insoluble zinc sulphide. On the other 
hand when the concentration of hydrochloric acid is increased, 
the equilibrium is displaced in the direction of the lower arrow 
and a clear solution results The sodium acetate combines with 
hydrochloric acid and fonns sodium chloride and undissociated 
acetic acid, and hence diminishes the concentration of hydro- 
chlonc acid which displaces the equilibrium m the direction of 
the upper arrow with the formation of insoluble zinc sulphide 

' * Investigate the action of carbon dioxide gas on 
the given milky liquid consisting of tminin-m 
carbonate suspended In water. 


Experiments I 

t 

— - l 

Pass CO2 m the nulkj liquid j 
for a very long time 

Heat the clear solution obtained 1 
above in a test tube 


Observations 

The solution becomes clear. 
The solution becomes turbid 
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Interpretation : — 

The clear solution is due to the formation of soluble 
calcium bicarbonate which takes place according to the follow* 
ing reversible reaction : — 

CaCC>3 + H2O + COa 3=* Ca{HCC>3)2 
(insoluble) (soluble) 

When, the concentration of carbon dioxide is increased b} 
passing the gas in solution, the equilibrium is. displaced in the 
direction of the upper arrow and a clear solution is obtained. 
On the other hand, when the concentration, of carbon dioxide is 
decreased, by hearing the clear solution so as to expel the 
dissolved gas, the equilibrium is displaced In the direction 
of the lower arrow with tile formation of insoluble calcium 
carbonate. 



CHAPTER XXIi 


The Theory of Precipitation. 

~«=OSS*-- 

Sol-ability Product. 

We know from the considerations advanced in previous 
chapters that when a solid is either thrown out of the solvent - 
or when it does not dissolve It behaves so in obedience to 
laws, especially the law of mass action This behaviour 
is of considerable importance from the point of view of Analy- 
tical Chemistry. When a substance, say sugar, or common salt, 
is thrown into water some of the molecules of the solid -salt or 
sugar- enter into the liquid - water- and in accordance to the 
kinetic theory move about m all directions in the liquid These 
will after a time return to the solid AS more and more solid 
dissolves more and more number of molecules will be returning 
to the solid This will go on until the number of molecules 
entering the liquid -and the number leaving it, m unit of time are 
equal When this condition prevails equilibrium is established 
and the number of the dissolved molecules is a constant 

This solution is then said to be saturated as it can not 
take in any more of the solute In a saturated solution of this 
kind of a salt at a definite temperature there are. two 
equilibria . (i) between undissolved solute and the undis- 
socmted molecules in solution , (2) between the non-iomzed 
salt and the ions 

KCIO3 (solid) - > KCIO3 (dissolved) — > K" — CIC^'. 

Further since the solution is saturated the concentration of 
the non-iomzed salt in the 'solution must be constant at 
constant temperature just as sugar has a constant solubility at a 
definite temperature Thus the equilibrium between the dis- 
sociated and undissociated, and thence between dissolved and 

34 
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undissolved salt depends upon the product of the concentration 
of the ions being kept at a certain value Thus from the law 
of mass action we have : 

[ K ] l CIO3' ] = X [ KCIO3 j = S. 

Ck- x Ccio.' = KCkcios = K 

As the right hand side of this equation is constant at 
constant temperature, the product of the concentration of 
the two ions is also constant at constant temperature. If the 
concentration of one ion becomes increased or diminished, that 
of the other must be proportionate!) diminished or increased, so 
that the product of these concentrations remains constant or 
equilibrium will be disturbed and the salt will be precipitated 
or dissolved 

Precipitation of a salt thus results w hen the concentration 
product of the ions of the salt is made to exceed a maximum 
which is a function of the solubility of the «alt in question. 

Therefore in a saturated solution of a given ionogen the 
product of the concentration of its ions is a constant and is 
called the " Solubility Product This to put it mathemati- 
cally is thus • If the concentrations of the two 10ns are a and b 
and that of nndissociated salt ewe have the equation 
a b = k c 

(£ bong a constant foi a fixed temperature) > 

The product ab has a definite value for every saturated 
solution -since c is definite-. This value is the above named 
Solubility Product of the substance in question. If in any case 
the product ab is less than this value no precipitate will come 
down because the solution is an unsaturated one. But if the 
product ab is greater than the solubility product, the precipitate 
is formed 

The Ion product and therefore the solubility of a substance 
may be altered in the following five ways by addition of a 
reagent which 

(z) contains a common ion. 

{2) forms with one of the ions a slightly ionized com- 
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(3) unites with one of the ions to form a complex ion. 

(4) and also by the addition of a strong acid or a strong 

base to an amphotenp substance or 

(5) altera the charge on one of the ions ( oxidation or 

reduction). 

I. Common Ion. 

(1) In a solution of sodium chloride when it is saturated 
we have the following state of equilibrium 

NaCl (sous) ~ — t NaCl (dissolved) - » Na + Cl'. 

By the introduction of a chloride say hydrogen chloride 
HC 1 , the equilibria are disturbed and reversed by the presence 
of Cl' -ions from the HC 1 which i« highly ionized, when added. 


(2) The same might be said also of the preparation of 
hydrochloric acid gas by the addition of sulphuric acid to a 
solution of hydrochloric acid. ; 

FI* + Cl' V 1 1 * HC1 (dissolved) _ ■* HC1 (eas). 

The effect is due to the formation of non-iomzed HC 1 on 
account of repression of the ionization of the hydrochloric acid 


(3) Again if a soluble chloride say NaCl is added to a 
solution of a silver salt then immediately silver chloride Ag2Cl2 
is precipitated. The solution gets saturated with respect to 
silver chloride when Ca* - x Cci' reach the solubility product 
value Karci for silver chloride. Further addition of the 
chloride increases the ion product above the solubility product 
value. This disturbs the equilibrium AgCl 7 — » Ag’ -f Cl' 
and reduces the concentration of the silver ions. As the 
concentration of the silver 10ns can onl} r be reduced by uniting 
the chlorine 10ns to form the non-ionized AgCl, the solution gets 
supersaturated with respect to AgCl molecules. Some silver 
chloride must therefore be thrown down to establish the 
equilibrium 


AgCl 


=±AgCl 


Ag + Cl' 
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11 Slightly ionized compound A given ion may be 
reduced to nothing when the compound formed is soluble but 
very slightly ionized This is very nicely illustrated by the ’ 
formation of the zinc sulphide lfi the qualitative analysis L'he 
sulphide is not completely precipitated if sodium acetate is not 
added to neutralize the acid set free from the zme salt When 
we add hydrogen sulphide solution to a zinc salt solution we 
have the following ions 

Zn + S 0 4 " < ■»> ) + zH* S" 

The sulphide ot zinc will be formed but at the same time a 
strong acid -in the abo\ e case sulphunc acid- would be also 
resulting and owing to the high H' -ion concentration the 
S" -ion concentration from the H2S added 

H2S -Z=L 2H S", 

is reduced to such an extent that no precipitation occurs. By 
the addition of an excess ol sodium acetate the free H'-ions are 
enabled to combine w’lth the acetate ions and set an equilibrium 
like this . 


H + C2H3O2' HC2H3O2, 

because the acetic acid is a very w eak acid and the dissociation 
is very low This keeps the concentration of the H'-ions too 
low to have any marked effect upon the concentration of the 
S —10ns so that the precipitation continues to completion. 

Ill Hydrolysis These are very common types and 
can be easily understood by referring to the chapter on hydro- 
lysis. 

IV, Complex ion During the analysis of a zinc salt we 
find that if ammonium hydroxide is used for the precipitation 
of the hydroxide, we do get a precipitate just in the beginning 
but on further addition of the reagent the precipitation instead 
of being more complete, m accordance with the law- of mass 
action, gets dissolved moie and more unlike the other precipita- 
tions. 
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What may be the reason ? The only explanation is that 
the zinc radical is combining with some other radical and 
forming a new product which must be highly soluble, and this 
can only be accounted for by the behaviour of the precipitating 
reagent ammonium hydroxide. This is a compound which we 
know has different radicals in solution The following is the 
equilibrium existing m its solution 

NH 3 + HzO NH4OH NH 4 + qH'. 

On examination of the newly formed solution of the zinc 
salt ( and similar other salts say of copper, silver etc.) it is found 
to possess'a complex ion Zn(NH 3 )4". From the principle of 
the solubility product 


Gzn" x 02 oh / «= K 


it is clear that an increase of OH'— 10ns above that is necessary 
to reach the solubility product for Zn(OH)2 must result m a 
decrease of the Zn — ion concentration. The concentration of 
Zn”— ions can be decreased either (t) by the formation of 
undissociated Zn(OH)2 and the consequent precipitation of it or 
(3) by its union with free ammonia to form the complex ion 
Zn(NH3) 4 " 


' greater proportion of free ammonia and the slight 
dissociation of the complex ion Zn(NH 3 ) 4 * both influence the 
equilibrium towards the formation of the complex ion, and 
therefore we get the following .— 

t Zn(OHl2 : 


Zn(OH)2 

4NH3S0I.: 


: Zn" + 2OH' 


■ 4NH3 + 4H2O 

H 

Zn(NH 3 ) 4 ” 

ZnfOH^ ^ lub, l ity P roducc is n <* cached and more 

solutioii 1 dlSS0Gmte and the P reci P itate will pass into 

/ 

ten, substances (electrolytes). Anampho- 

« 1 1 ^ ph ° teTOS=both - ) electrolyte is one whose hydroxide 
m solution dissociates both as an acid and as a base^ » e it 
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produces both the hydros} 1 and h} drogcn ions according to 
the prevailing conditions e. % 

\V -■ -$ 0 H' 3=2 A1(0H)3 =1 3 H * A.IO3'". 

thus the precipitated hydroxide may be made to dissolve 
b} pushing bad; the dissociation m another direction, and the 
precipitating reagent itself again dissolves the procipitate. Here 
though it appears as if a complex, radical is formed as . 

M(OH)s a- 3X.1OH z=Z. Xa 3 \ 10 3 +• 3H2O 

still looking at the thing from purely ionic point of view, v.e see 
that one kind of dissociation is reversed and another kind 
is given rise to and the substance -hv dro\ide- behaves as an 
acid instead of as a base 

What leally happens in the above case is this 

(1) When a strong acid is added the high concentration 
of H -10ns disturbs the equilibrium owing to the union of H‘ 
and OH'-ions to form the very slightly ionized water HzO 
molecules Thus non-ioni/.ed Al(OH) 3 has to dissociate more 
to furnish the OH' ladicals, with the final result that the hydro- 
xide is dissolved 1. e here the hydroxide behaves as a base 

(2) Whan a strong base is added the high concentration 
of the OH'-ions disturbs the equilibrium bv using up the 
H -10ns present in forming water as above. This makes 
A1(QH)3 dissociate further as an acid to give the H -ions 
required with the result that AlfOH)3 is dissolved and the 
hydroxide acts as an acid 

This is the case with compounds of /anc, lead, tin and 
antimony. It must be vv ell noted that a weak base like 
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ammonium hydrate NH4OH will not have tlie same effect 
owing to the much smaller concentration of OH' -ions 

VI Oxidation and Reduction. The meaning of these 
terms will be clear by referring to the chapter on this subject. 
But with regard to the solubility product one or two typical 
examples may serve our purpose sufficiently, lhus : — 

(a) A chloride of mercury though soluble is thrown down 
as a precipitate which is also a chloride of mercury, but 
on analysis they show to be of different composition. One 
contains more mercury and the other more of chlorine. 

aHgCla (soluble! + SnCls — * Hg2Cl2 + SnCl4 

Here the tin reduces the Hg * (mercuric) to Hga" 
(mercurous) and the values 

Ch&‘ X Oaci' = K and 

Ch ss " x Czct' = K 

me quite different and hence one is far more soluble than the 
other. Thus by reduction of mercury we get the solubility 
affected. 


N. B 

In analytical chemistTy the principle of reaching the 
solubility product is quite a common occurrence, but sometimes 
more complicated issues are avoided by keeping back certain 
elements by not allowing the solubility product of their 
compounds to be reached Every student of even simple 
analytical chemistry knows that the reagent ammonium 
chloride NH4CI serves a very useful purpose. 

Hydroxides like those of magnesium, manganese, etc., are 
not precipitated by ammonium hydroxide when to the original 
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solution ammonium chloride is already pTeuously added 
What happens here is this that the two compounds of 
ammonium radical dissociate thus 

NH4OH 1 NH4 + OH' 

NH4CI 7 = NH4' Cl' 

and as there is to be a particular concentration of the >TH4‘ 
-ions the already existing NH4 -ions do not allow the reagent 
ammonium hydi oxide NH4OH to dissociate to such .m extent 
as to form .1 sufficient number of OH' -ions from the 
ammonium hydroxide NH4OH ’ Thus as the necessary 
number of OH’ -10ns are not formed the solubility product 
of the hydroxides of the abore mentioned metals is not 
reached, and thus their precipitation is a\oided. 



CHAPTER , XX1H. 
Thermo-Chem istry . 


It has been already seen that matter is continously under- 
going change though it is indestructible, t c. it is constantly- 
undergoing action and reaction. These are either spontaneous 
or otherwise solely depending tipon the total energy changes 
In every chemical action Wo changes take place, (i) There 
is a change of properties of the reacting substances and (2) there 
is either an absorption or evolution of heat e. g. Burning of 
charcoal. 

Chemical changes aie invariably associated with energy 
changes in the system and by means of symbols and formulae 
chemists express, m the form of equations a certain amount of 
information with regard to these chemical changes . Thus the 
equation 

C + Oa - CO2. 

expresses certain number of facts about the quantities of the 
reacting materials and the quantities of the products formed. 
All such equations bear upon the face of them the truth that 
matter can neither be destroy ed nor can be created. It very often 
happens that heat and some other forms of energy' are givefi out 
as the result of chemical combinations though the total quantity 
of matter taking part in the reaction is unaltered by 
the process, although it appears in altered form in the 
products of the reaction 

In all the chemical changes,' besides matter, energy also 
takes a part and not only do the materials concerned undergo 
rearrangement or readjustment of energy, but at the same time 
there is a rearrangement or readjustment of energy as well. 

35 
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On the basis of the law of the conserv atlon of energj we 1 can 
see that the free element possesses more chemical energy than 
the resulting compounds and that the chemid changes are 
accompanied by a simultaneous transformation of chemical 
energy to an equivalent quantity of other forms of energy 
mainly heat. The department of chemistry that deals 
with the heat equivalent of chemical changes is called 
thermo-chemistry 

The energy changes that take place cannot be judged from 
the bare equation e g 

(i) Hz + Cla = 2HCI or 
(a) 2NCI3 - Nz + 3 Cla 

These equations cannot show us that hydrogen and 
chlorine combine with explosive violence, nor the most 
violent decomposition of nitrogen trichloride into nitrogen and 
chlorine 

These heat energy changes are represented by using the 
numbers expressing the heat change, measured in calories with 

a ‘ + sign ’ for evolution of heat, and a 1 — sign ’ for the 
absorption of heat. Thus 

(1) Hz + Clz = 2HCI - 44,000 cal. 

(a) 3O2 — » z 0 3 - 6S,zoo cal. 

tell us that in the first equation heat is giv en out, while the 
second requires heat for transformation to take place 

The amount of heat given out or absorbed when a sub- 
stance is formed is called its heat of formation, and the heat 
given out or absorbed when a substance is split up is called 
the heat of decomposition. Most of the substances are 
formed with evolution of heat Chemical compounds formed 
with the evolution of heat are said to be exothermic, whilst 
substances formed with absorption of heat are called endo- 
thermic It can easily be seen from the above that 
heat must be supplied to split up exothermic substances, 
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whereas endorthermic substances decompose with evolu- 
tion of heat. Similarly it is evident that if the other condi- 
tions are kept constant, rise of temperature favours the 
decomposition of exothermic compounds, but favours the 
formation of endothermic compounds from their components. 

Two other terms employed in thermochemical calculations 
aTe (i) Heat of combustion, and (2) Heat of solution. The 
heat of combustion of a substance is the amount of 
heat given out when one molecule of it is completely burned 
This term is ushally used with reference to combustion in 
oxygen. The beat of solution is that amount of heat given 
out when one molecule of a substance is dissolved in a large 
excess of the solvent 


Total, free and bound energy. Mere inspection of a 
thermochemioal equation like 

C + O2 a COz + 97,000 cal. 

cannot tell us whether the heat given out was all at once or 
in periodic instalments, nor we can gather whether that is the 
only change in the chemical energy or some other transfor- 
mations have taken place We have no way of getting at the 
total chemical energy in an element for we can never be able 
to examine it when it has lost all its power of combination, 
and still farther nor have we got any theoretical bases for 
calculating it. All that is possible is to determine the difference 
m the energy between two different stages of conditions of 
combustions The heat of reaction can not lead us to judge 
the total energy in the reacting substances but only the change 
in the chemical energy on the reaction taking place. This 
la ter quantity of energy is termed as the free energy and 
the remaining energy- which cannot be measured is called the 
hound energy. It can be quite easily seen that the latter 
is very much greater than the former. 

Chemical energy is a relative quantity. Every 
ement is attracted towards every other element with the 
ultimate result of formation of a compound. But the mutual 
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attraction is chiefly based upon that peculiar quality we bare 
as affinity for one another. 

There is no way for determining it except by measurements 
We are not in a position to state what amount of total energy 
the element, say carbon, possesses except mere statement as to 
how much it evolves when it combines with hydrogen, or 
oxygen or with sulphur. As a rule the heat of reaction gives 
us a clear idea as to the intensity of chemical affinity between 
different substances but it is not alwaj s so. In short heat of 
reaction is not always proportional, to chemical 
affinity. 

Energy Contents of Different Forms of Substances 

We know that the different states of mattei -solid, liquid 
and gaseous- are depending upon temperature Hence it is 
very important to remember in writing thermochemical equa- 
tions to see that the particular forms of substances taking part 
in the reaction are clearly stated as there is bound to be a con- 
siderable difference in their energy contents. Not onlj this 
but even changes in the state, 1 e. crystalline form, accompany 
chemical reactions and these modify to quite an extent the 
total heat change m the reaction Thus . 

S (rhombic) + O2 = SO2 + 7i,oSo cal 
S (liquid) + Oz =* SO2 + 71,380 cal 

aH2 + 02 = 2H2O (steam) + 116,138 cal. 

2H2 + O2 + 2H2O (liquid 2b°C) + 136,684 cal 

Thus here we can clearly see from the equations that 300 
cal lepresents the heat of fusion of sulphur, and in the last two 
equations the difference is due to the heat of vaporization 1 e 
change of liquid to the gaseous state. 

One more thing that is to be remembered is this, that there 
is a great amount of change ra heat energy if during the reac- 
tion gases are formed or disappear as the result of a chemical 
change. When a gas is generated under atmospheric piessure 
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it does work, and beat is taken up, while on the other hand 
when a gas disappears heat is given out 

Beat of endothemic compounds. Many substances 
are endothermic and thus evolve a great amount of heat on 
decomposition. Now if the affinity and the heat of formation 
were absolutely co-Telated, and thus if the heat of 
formation were to be taken as a direct measure of chemical 
affinity, there should be less than no affinity between the 
elements of such a compound and thus there is no force neces- 
sary to hold them together. Yet many endothermic bodies 
like carbon disulphide and acetylene are considered as fairly 
stable bodies under normal conditions. 

Principles of 'Thermo-Chemistry. 

In interpreting the results of heat energy measurements 
and calculating the heat of other reactions from the data 
collected in the above way, some general theorems' are of 
constant application. In these reactions the chief point that 
is to be constantly before our eye is the final and the initial 
amounts of energy liberated or absorbed. Often a parallel is 
drawn between the potential energy of bodies and the chemical 
energy which one substance has for another Thus two 
elements may be regarded as each possessing a certain quantity 
of chemical energy. When they unite, a certain portion of 
this is given off as heat or electrical or light energy. * 

Still the compound so formed does possess the ability to 
unite with pther elements and also compounds, and at the same 
ime liberating an additional quantity of energy. This can be 
seen thus *— 


+ S (rhombic) 
ZnS -j. 20z 

ZnS 0 4 + 7H2O 


+ 39,570 cal. 
/inS04 + 190,500 cal. 

1 ZnSC>4.7H20+ 22,690 cal. 


toita J?^f t0ff0nnati0n of a ^stance is equal 
to its heat of decomposition. The amount of heat which 
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is required to decompose a compound into its constituents is 
exactly equal to that which was evolved when the compound 
was formed from the constituents. ( Law of Lavoma and 
Laplace ). 

Thus . 

H2 + CI2 = 2HCI + 44,000 cal 

and 2HCI •= H2 + CI2 — 44.000 cal 

Thus the same two components, under the same physical 
and chemical conditions, evolve or absorb, to form the same 
compound m the very same manner, the same number of 
calories. And the sensible heat evolved in a combination 
(reaction) is the measure of the work done, chemical as well as 
physical. Save in the case of rather simple substances it is not 
possible to determine the heat of formation directlv Generali} 
however it is possible only to get a rough idea about it, on the 
principle that it is equal to the heat of decomposition. This .s 
of course a special application of the law of conservation of 
energy. 

Constancy of the Heat Sum. the Law of Hess 
about the Heat of Formation. “The heat evolved in a 
chemical process is the same whether it takes place in one or m 
several stages." {Hess). 

\ 

As early as 1840 Hess found out that the total amount of 
heat given off in a senes of transformations depends only upon 
the final and the initial states of the substances and is indepen- 
dent of the several intermediate steps. In other words the 
amount of heat playing a part in the combination is the same 
whenever the initial and the final states are the same, 
whatever be the nature of the intermediate stages passed 
through. 

Thus if we know the heat evolved when carbon is burned 
in oxygen to foTtn carbon monoxide, and the heat evolved when 
carbon monoxide is burned to carbon dioxide, we would know 
at once the amount of heat which would be evolved when 
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carbon is burned directly to carbon dioxide It would be the 
sum of the above quantities. Thus : — 

(i) C + O = CO2 + 29,000 cal. 

(2} CO + O = CO2 + 67,960 cal. 

' 96,960 cal 

(3) C + 0 a= C02 + 96,960 cal 

If we know the heat evolved when carbon is burned to 
the dioxide, and the heat evolved when the monoxide is 
oxidised to the dioxide, we would know the heat which would 
be set free when carbon was burned to the monoxide. It is the 
difference between the above two quantities 

Examples : 

(1) Required the heat of formation of carbon monoxide, 
being given that . 

C +02 = CO2 + 97,000 cal 

2CO + O2 — ' 2CO2 + 136,000 cal. 

The second equation may be represented thus . 

CO + O = CO2 + - 2 3 ^°°° cal 
The heat of formation of carbon monoxide : 

C + O = CO + 97,000 = - 3 ^°°° cal. 

C + O = CO + 29,000 cal 

, The lieat of formation of carbon monoxide is 29,000 
calories 

(2) Required the heat of formation of marsh gas, riven 

that s 6 

(1) C + 0 s = CO2 + 97,000 cal. 

(2) 2H2 +02 = 2H2O + 136,800 cal. 

( 3 ) CH4 + 2O2 = C02s 4- 2H2O + 212,000 cal 
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Adding (i) and (2) 

C + 02 + 2H2 + 02 = CO2 v 2H2O + 97,000 + 136,800, 
riib heat of formation of methane is 
C + 2H2 - 97,000 + 136,800 - 212,000 + CH4 
C + 2H2 = CH4 + 2 1 ,8oo calories. 

Law of Thermo-neutrality. According to Hess when 
dilute solutions of salts arc mixed neither heat is exohed nor 
absorbed The law finds a ready explanation in the theory ol 
electrolytic dissociation : Take In o salts, sodium chtonde NaCl 
and potassium bromide KBr. We know that in dilute solutions 
they me completely dissociated : — 

NaCl — - Na + Cl'. 

KBr — - K - + Br\ 

When the solutions of these salts are mixed all the parts 
remain as ions There is no chemical action whatsoeier, even- 
part remaining m the solution in the same condition as before. 
There being no chemical action, there is no reason to expect 
any thermal change and noiu results 

Some relationship between chtemical reactivity and 
heat of reaction It is evident from what has already been 
said so far that chemical changes may be dmded into two 
classes • (1) Those that aie spontaneous or proceed on 

themselves once they are started under the conditions of 
experiments, and (2) those winch proceed only when forced by 
some external energy. Furtliei 111 the light of what we have 
already seen so far we can also sa\ that a chemical reaction 
proceeds of itself in the direction in w inch heat is given out, 
that is, spontaneous chemical changes are exothermic 

Types of heat measurements At ti, is stage now we 
are in a position to summarise the general scope of heat 
measurements which may be well understood by discussing a 
numbei of typical cases 
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(1) Heat of combustion. One of the chief important 
determinations is the heat evolved when bodies are completely 
burnt and oxidised. These measurements are of great theore- 
tical as well as technical value. 

Fuel and Food are the two chief things with which we 
are primarily concerned m our daily life. The real value of a 
material as fuel depends upon its heat of combustion otherwise 
called its calorific value and the price paid depends upon 
this value. 

Calorific value of fuels.' 


Wood (ordinary air dried) 

about 

4,000 

cal. 

Lignite 


>1 

5,400 

cal. 

Bituminous coal 



O 

O 

&n 

CO 

cal. 

Anthracite coal 


»> 

7,300 

cal. 

Coke 

« 

••• » 

7.300 

cal. 


Similarly we know that one of the most important func- 
tions of food is to supply energy expended bj r the body. All 
the food that is digested ultimately undergoes oxidation 
in the body, and the carbon and hydrogen of the organic 
material is oxidised to carbon dioxide and water. The heat 
of the body is due to this oxidation. 


The calorific value of foodstuffs 
Carbohydrates about 4,000 cal. 

Pats 11 9,000 cal. 

Prot8ms ,, 4.000 cal. 

(2) Heat of formation. This is a subject matter 

already fully discussed in previous articles. 

36 
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<3) Heat of solution. When a substance dissolves in 
Water there is always a change of temperature of the water. It 
maj - get warm or even cool down also. This change is the' 
expression of the algebraic sum of a number of different effects. 
Thus a solid when dissolved first goes in a sense, in the state 
of a liquid and an effect something like the beat of fusion, is the 
result. There is also a change in the volume involving 
mechanical work. Similarly there may be ionization or hydrate 
formation etc. all involving heat change which may be either 
positive or negative. 

(4) Reversible reaction. It is a well known fact that a 
rise of ten degrees of temperature doubles the speed of a reaction 
and 'thus An exothermic reaction should always complete itself. 
But such a thing is not an absolute fact because a good many 
reactions proceed for a short time further and further qpd then 
come to a dead stop, atleast apparently The only explanation 
for such a phenomenon is that the product of the reaction 
must be unstable, atleast above a certain temperature, and the 
reverse endothermic reaction must be simultaneously taking 
place In short an equilibrium is the result and the heat 
change in one reaction is just balanced by that in the other 

Limits of temperature m combustion. Many a time 
we can not reach a temperature which atleast from the thermo- 
chemical equation must positively be reached. The reason 
for such unexpected failure is in the secondary reactions that 
are taking place almost immediately the reaction is started 
Thus . • 

(1) 2H2 + 02 = 2H2O + 116,138 cal 

(2) 4AI + 3O2 = 2AI2O3 + 760,400 cal. 
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make us believe that in the first equation we should get 2,400°C 
and in the second 40oo°C should be reached. We find that 
the first does not happen while the second is almost a success. 
In the case of water formation steam is unstable and begins to 
decompose thus : 

2H2O ~ — * 2H2 + O2. 


with considerable absorption of heat With aluminium the 
product of combustion (AI2O3) is very stable, and hence non- 
absorption of heat. Thus a determining factor for the maxi- 
mum temperature that can be secured by a given set of reacting 
substances is not only the heat of reaction which is to be 
accounted for but also stability of the reaction products at the 
high temperatures. In short reversibility or non-reversibility of 
the reaction would be the controlling factor. The setting in of a 
reverse reaction without exception puts a limit upon the rise 
of temperature which can be attained during the reaction. 








Appendix A. 

metals. 

Introduction.— Every student of elementary chemistry 
knows that this branch of chemistry (Inorganic) is divided into 
two classes, (i) Metals and (2) Non-metals. The division is 
not really a definite and a complete one, as there are certain 
elements which, so to say, form a kind of a bridge or a connect- 
ing link and as such, present no distinctive properties of either 
class. These on the other hand possess properties from both 
the classes. For this reason they are called Metalloids which 
are like hybrids in animals. 

Historical. — Metals (a few of them) were the first of the 
elementary substances that were either found native or isolated 
from their salts or ores. Metals are known to people since a 
very remote date. The Chinese (1,800 B. C.) were adepts in 
smelting of minerals, so also the Egyptians (2,000 B. C.) knew 
how to prepare various metals and alloys. In the days of the 
Greeks as many as seven metals : gold, silver, mercury, copper, 
iron, lead and tin were known. The Indians were acquainted 
with a good many metals a long time before all these and the 
Chinese and the Egyptians got the art from the Indians. 
References to gold and iron are to be found in the Vpdic 
literature. , 

Nomenclature. — The term metal is used as a class name 
from the original meaning of the word, which meant -a Mine- 
( anything that is searched after ). Then it was applied to 
anything found in the mines, e. g. the metals. 

The term ' metal ' is not quite an exactly appropriate one 
because all the qualities that are attributed to this class of 
substances are not to be always found associated with this 
term. Here the term base forming elements is preferred 
in chemical phraseology as the hydroxides of these elements, 
atleast those of the lower valence are bases. Bnt the best term 
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of all will be “ tlie elements tliat form Cations simple- 
because when the compounds of metals are dissolved in water 
ionization of the salts takes place in such a way, that the metals 
become cations. 

Occurrence — A number of metals are found in nature 

I. In the uncombined or elementary condition, and in 
tins case are said to be occurring native, e. g. gold, platinum, 
copper, bismuth etc In short those that stand low in the 
electromotive-series ■ 

II. As a rule the metals are found combined with acid 
forming elements in the form of Oxides, Hydroxides and Salts 
of the various acids. 

(r) Oxides — Iron, manganese, tin, zinc, copper and 
aluminium occur as oxides 

(2) Salts —The most abundant salts of the various acids 
are the Silicates, Carbonates, Sulphides, Sulphates, and 
Chlorides. 

t 

(a) The natural silicates are very numerous but are 
seldom used for the preparation of metals Many of them are 
employed for other commercial purposes 

(b) From the carbonates we obtain, iron, lead, zinc and 
coppgr Several other metals such as manganese* magnesium, 
barium, strontium and calcium all occur in 'garious quarters. 

(c) From the sulphides are obtained nickel, cobalt, 
antimony, lead, cadmium, zinc, and copper. 

(d) Metals which occurs as sulphates are those whose 
sulphates are not freely soluble, e. g. lead, barium, strontium 
and calcium. 

1 

(e) Compounds of metals with the halogens -Chlori- 
des- are not so numerous Silver chloride AgCI furnishes a 
limited amount of silver. Sodium and potassium chlondes 
are found in the salt-beds 
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All such natural substances whether they contain a metal 
or not are called Minerals. 

Those minerals which are of value for the extraction of 
useful substances or find application in their manufacture are 
called Ores. Most of these ores contain metals 

Metallurgy —Extraction of metals from the ores. 

The art of extracting metals from their ores is called metallurgy 

The metallurgy of each metal presents an individual pro- 
blem depending upon : 

(i) the chemical character of the metal, .. 

(z) the nature of the ore available for its production and 

(3) its physical properties -melting point etc. 

The problem is partly a physical one and partly a chemical 
one In order to obtain the metal in the form of large masses 
and in a state approaching purity It is usually necessary to pre- 
pare it at a temperature which is above its melting point and 
then draw it off from the furnace in the liquid state. It is also 
desirable that any earthy impurity (Marlax) entering the 
furnace along with the ore should be converted into a hquid 
(Slag) which can be easily removed. To secure this end, 
materials are mixed with the ore, which will react with its im- 
purities and form a liquid. The materials so added are called 
Fluxes, while the liquid thus produced is called the Slag The 
latter usually consists of a mixture of silicates and closely 
resembles glass in character. The slag also acts as a Hquid 
medium in which the small drops of the melted metal can run 
together into large masses and it also forms a covering over the 
collected material, thus protecting it from oxidation : 

Ore (Metal + Matnc) + Flux =. Metal + Slag 

While the details in each case vary considerably, there are 
a few definite principles employed in metallurgy which cove/ 
the great majority of cases Some of these are the following : 
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1. Reduction of the oside. 

(i) Natural oxides 

(a) Reduction by carbon. 

When the natural o\ides are heated with carbon they are 
nearly all reduced 

2 CuO - C ® *Cu COz. 

FeaOs - 3C - zFe * 3CO. 

The carbon is oxidised to the dioxide or to the monoxide 
according to the temperature which is necessary to be employed 

(b) Reduction by Aluminium. 

Some oxides are not reducible by carbon in ordinary 
furnaces, such oxides are of Calcium, Strontium, Barium, 
Magnasium and Aluminium and members of the Chrominm 
group. At the temperature of the electric furnace, even these 
max - be reduced but here the metal combines with the excess of 
the carbon to form a carbide, and so it is not obtained in the 
pure metallic state In such cases aluminium may sometimes 
be used in place of carbon to advantage. 

CreOs + 2 AI «* A 1 z 03 4- *Cr. 

This method is come into use as a result of cheap produc- 
tion of aluminium and is known as Goldschmidt Process 
This, process has received the name " ATumino-thermy,’ 
on account of the great amount of heat liberated. This is also 
often called Thermite Process. 

fcj Reduction by hydrogen. In the laboratory 
the oxides of the less active metals are reduced 
frequently by a stream of hydrogen. 

( 2 ) The oxides may he prepared : 

As an intermediate step towards getting the free metal, first 
the oxides aTe prepared. The Carbonates, Hydroxides, and 
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Sulphides can be changed to oxides bv mere roasting -Heating- 
the ore with free access of air. 

(i) <jFeC03 + 02 - 2Fe203 + 4CO2 

(u) 2Fe(OH)3 = Fe203 + 3H2O 

(iii) 4FeS2 + 11O2 = 2Fe203 + 8SO2 

These oxides are then leduced according to the individual 
nature of the oxide. 


II Reduction of the sulphides by a metal. 

Just as oxygen may be removed from an-oxide by a metal 
( aluminium ) so sulphur may sometimes be removed from a 
sulphide by the same metal or by iron, of. Sb or Pb : — 


Sb2S3 + 3Fe » jFeS + aSb. 

Ill Reduction of the chlorides or fluorides 


The halides of the metals can be decomposed by heating 
them with metallic sodium : Cf. Mg arui AI. 

SiC4 + 4Na “ 4NaCl + Si. ' 

SiF4 + 4Na <= 4NaF + Si. 

This method was formerly employed in the manufacture 
of magnesium and aluminium. 

IV. Electrical methods. 


Electrical energy is used in metallurgy for two distinct 
purposes. (1) Heating and the rest is done by other 
reagents employed -carbon- and (2) electricity is employed 
for bringing about the decomposition of the compound from 
which the metal is liberated without the assistance of a 
chemical reducing agent. Such processes are electrolytic in 
character and always take place in a liquid medium. (*) 

(*) When the metal to be produced has no action upon 
water the electrolysis may be conducted in an aqueous solution 
37 
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The metal is then deposited niiectiy in the <-olid foim and at 
ordinary tunperatuies, and thcie is no consumption of energx 
in maintaining the temperature 

(2} When the metal acts upen water -ome suitable salt 
of the metal is melted « nd the resulting elcclrolx te is subjected 
to electrolysis. Almost any melted salt would sent hut mam 
are decomposed by heat or nu.lt onh at a temperature too 
high to be economical. In practical work the chlorides are 
usually employed 

Properties of the Metals 
(i) Physical : 

(1) Metals as a rule are solias at the ordinary tempera- 
ture e\cept Mercury, 

(2) They are usually high in specific gravity 

Metals whose specific graMty is below- 5 are called the 
Light metals, and the others Heavy meta ls 

{3) When in bulk the metals reflect from polished 
or freshly cut surfaces, and this is called the Metallic lustre 
Most of the metals when very finelj powdered are black except 
magnesium and aluminium which have shining appearance, 

(4) In compact masses the meta T s are usually siherv 
white in colour Gold and copper, w Inch are yellow and red 
respectively are conspicuous exceptions 

(5) The metals when they are fused and allowed to cool 
slowly then they cnstalhze and generally the crystals belong 
to the regular system except in case- of those metals that are 
more non-metallic, who present a hexagonal system, c.g., Sb, 
Bi, etc. 

(6) Metals may also occur in allotropic forms, crystalline 
or amorphous. In certain cases the same metal may possess 
x-arious specific gran" ties according as it has been rolled, ham- 
mered or molten. Allotropy also includes passive form of 
certain metals. 
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(7) Usually the metals volatilize at only high temperatures. 

(8) They are good conductors of heat and electricity 
which they conduct without getting decomposed and hence 
are called conductors of the First Class, m distinction to the 
Electrolytic conductors ( solutions ) which are conductors of the 
Second Class 


(9) Metals are malleable— beaten into thin sheets with- 
out loss of continuity. 

(10) Metals are ductile — drawn into thin wires. 

(11) They are more or less tenacious 

(12) The molecules of the metals are monoatomic 

(11) Chemical : 

(1) Heated in air they form oxides wmch are base forming 
ones or b isic ones Again the air acts upon metals through its 
oxygen and also through the vapours of water and the carbonic 
acid gas u contains, giving rise to the formation of basic car- 
bonates. In the case of zinc, copper and lead, these carbonates 
act as piotecting layers and prevent further oxidation. But m 
the case of iron the carbonate is further decomiiosed and the 
hydroxide is formad, which being porous allows the oxidation 
to go on. 

(2) At ordinary temperatures dry oxygen acts on potas- 
sium only. At high temperatures it acts on all the metals 
except gold, silver and pi itinum which are never acted upon. 
The combination may take place with evolution of heat and 
light t g. magnesium, zinc or even iron wire previously heated. 

(3) They generally form no compounds with hydrogen or 
form unstable compounds -usually non-volatile. 

, ( 4 ) All the metals are attacked by chlorine at different 

temperatures, (by dry chlorine, or by chlorine in solution). 
There may be incandescence (sb, cu, ..) The reactions are 
t about the same with bromine and iodine. Halogen compounds 
or the typical metals are little if at all hydrolysed by water, 
i. e. they are fairly stable towards water. 
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{5) S-ilphur Ins no action at ordinary temperatures, but 
at high temperatures it react* upon metals forming sulphides, 
svcept in the case of aluminium, coid and platinum — There 
may be production of heat and l ; gbt. 

(6) Metals are easily acted upon by mineral acids giving 
out hydrogen 

{7) Mela’s in solutions of their salts form cations. 

The electro-positive character (and also the electro-negative 
character) most pronounced for univalent elements {eg. the 
alkali-metals and the halogens). But polyvalent elements may 
show great affinity for electricity, r. g„ aluminium On the 
other hand univalent elements are mostly strongly basic nr 
acidic, and the oxides of the polyvalent elements are often 
noth wealth basic and weakly acidic (e g , aluminium) When 
the s?me element forms both, baste or acidic oxides the 
higher oxides. 1. e , those containing higher proportions 
of oxygen are most acidic. 

1. Preparation of Salts : General principles. 

Preparation of the compounds of metals A great 
many metnods am employed in the preparation of the com- 
pounds of tre metals. These compounds which include oxides, 
hydroxides and salts aTe very numerous, and each has its own 
peculiarities which must be taken into account in devising 
means for preparing it. In many cases some rather unusual 
methods are employed, (1) owing to the character of the 
minerals available ; n natme, or (2) to the accumulation of a 
cheap by-product m seme other industry. Xaturaliv the 
methods emp’oyed on a small scale in the laboratory are likely 
to differ from those used in industries, where economy is the 
first requirement. There ?re however some general principles 
which underlie the great majoritv of these methods and these 
are : — 

f 1 1 Direct union of two elements : 

^ erj many binary compounds may be prepared by heating 
the metal with the appropriate non-metal Among these are 
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Oxides, Sulphides, and Halides. The product of course is an- 
hydrous rather than a hydrated compound. This method finds 
wide application when anhydrous compounds are wanted. 

2AI + 3CI2 = 2AICI3. 

(2) Treatment of a metal, or its oxide, or hydroxide 
■with an acid. 

(a) In the laboratory generally metals are used for 

preparation of salts as these are generally to be 
had in a degree of purity. 

Zn + 2HCI = ZnCls + Ha. 

Cu + 2H2SO4 = C11SO4 + SOa 4- 2H2O. 

(b) In the industries either the oxides or hydroxides are 

usually employed since these are usually found in 
nature as such or are of easy preparation. 

CaO + 2HNO3 = 0a(NO3)2 + H2O, 
{3} Decomposition of compounds. 

(a) Mere heating of compounds many a time leads to 

the formation of Simpler ones These compounds 
are. Nitrates, Carbonates and Hydroxides. 

2Cu(N 0 3 )2 = 2 CuO + 4NO2 + O 2. 

CaC 0 3 - CaO + CO2. 

2Al(OH)3 - AI2O3 + 3H2O. • 

(b) Many compounds when they are heated with a 

reducing agent (carbon) get reduced and form 
simpler compounds, viz , various salts of oxygen 
'acids are reduced by Carbon. 

BaS 0 4 + zC = BaS + 2CO2 

FeP 0 4 + 2C - FeP + 2CO2 

. (4) Displacement of a volatile acid.— When a non- 
volatile acid acts upon a volatile acid, the latter is displaced in 
accordance with the general principles of equilibrium— piovided 
the volatile acid is spaimglj soluble in the liquid present. 

NaCl + H2SO4 = NaHS04 4- HCI. 
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{=) Methods based upon precipitation.— The for- 
mation of a precipitate when two electroly tes me Drought to- 
gether in solution takes pl?ca in accordance with the principles 
of ionic equilibrium. 

In general it may be stated that : — 

(a) When two salts or a strong acid and a salt are brought 
together in solution, double decomposition takes place with the 
formation of a pTecip’tate if the union of a pair ofions produces 
an insoluble salt 

(d) Wften a salt is treated w ith a weak acid, no precipi- 
tate is formed even though double decomposition w ould resuk 
in the formation of an insoluble salt. 

(c) Salts of strong acids such as sulDhates and chlorides, 
when insoluble vn water are also insoluble in dilate acids 

(d) Salts of weak acids such as caroonates, sulphites, and 
sulphides though insoluble in water are soluble in stronger 
acids 

(A) Doable decomposition between two salts— If bar.m 
cnlor.de B^Clz and copper sulphate CnSOj are brought together in 
so 1 anon then all the sahs represented in tne equat'on mould res-.t. 

BaCla *. CuSO, ■= BaSO-t - CuCis 

Each of these would be largeh ion.z?d and m e’ui''br.um v :r, ;.s 
constituent ions Among these equilibriums that wne-e the so’i-Ou.w 
product is reached is thrown down and nence appears as a pretrp.tate. 

(B) Doable decomposition between a salt and a strong 
acid. \A ith strong acids ^ freely ionized as the salts are) the case s on te 
similar with the one represented bj two normal salts. 

BaCls - H2SO.1 « BaSO-j. - -HC1 

(C) Doable decomposition between a salt ana a weak aeid 
At hen a salt of a strong acd is treated with a we*k atrd. the case is 
quite different. For example. 

BaCls H2CO3 = BaCQ 3 - 


sHCl 
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Barium carbonate BaC03 never comes down because the con- 
centration of CO3" -10ns furnished by the weak carbonic acid H2CO3 is 
not sufficient fo reach the solubility product 

(6) Fusion Method. — When compounds are melted 
together it sometimes happens that double decomposition 
occurs, which would not take place if the same salts were 
brought together in water In such fusion reactions one of 
the melted salts may he regarded as the solvent and it 
r is to be expected that the solubility of the other in this will be 
different from its solubility in water. For example, barium 
sulphate Ba.S0 4 is practically insoluble m water and con- 
sequently it is not greatly affected by aqueous solution of 
sodium carbonate. In melted sodium carbonate NazCC>3 on 
the contrar}' it is readily soluble, while banum carbonate BaC03 
is insoluble. As a consequence when it is melted together with 
sodium carbonate Na2C0 3 th® following double decomposition 
tabes place. 

B11SO4 + NaaC03 - BaC0 3 + Na2S0 4 . 

When the mixture is cooled and warmed with water all 

the compounds except barium carbonate BaC03 dissolve and 

«ns may be filtered off and converted into any desired salt 
This forms a convenient method of passing from an insoluble 
salt of a strong acid to a similar salt of a weak acid. Natural 
silicates can be decomposed in this way. 
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toLSwUTr?" ° XideS Can be got b y W direct burning 
hydroxides! by gthe nitrateS 01 . the carbonates or 


(1) Cu + O 

(2) 2Cu(N03)a 

(3) CaC0 3 

(4) Ca(OH) 2 


CuO. 

2CuO 

CaO 

CaO 


4NO2 

CO2. 

H2O. 


O2. 


These are usually stable except those of gold platinum 
ier and mercury which decompose when heated ’ They are 



X«J 


CHEMICAT. THEOSV AS1> i5rrSXET’.C 


AT?. 


practically irsolribls =n water although Ire tneU'i of th= 
alkalies ardplkslireecrtls give hydroxides with water HoO. 
Mefls like the non-metals frequently give several differs-'-, 
oxides. In such cvses as sa-d before the lower oxide? are tro-e 
metallic in character, f. e , basic while the higher o-es me 
acidic m nature. In short to summarise about oxides : 

An oxide 5? binary compound c r oxygen and seme ctrrt 
element. Oxides an? known in the ease cf r.kncst ever* 
element, except a few such ns fluorine These mev e:t er 
be solid, liquid or gaseous. 

ac : ds. 


Ox'des - 


Solid 
■ Liquid 
' Gaseous 


. Soluble end gi'i ; bases. 

^ neutral 


. Insoluble 


bodiw 


General properties of oxides. 

(i) Metallic oxides ate cclcired solids with ro 
metallic lustre c. gr CaO. (dull black.’ 

(dull white). 

(o) Alkali or alkaline earth oxides are readily soluble 
in water with which they form hydroxides. 
. Silver oxide AgoCV and lead oxide FbO 
are sparingly soinble. All other oxides are 
insoluble. 

(tl Under the action cf heat oxides are : — 

?. Totally reduced : An, P:. Ag. Hg. 

b. Partially „ MaQc, CeO. S..Oc. 

PoO, FetOa. 

c. Some dissociate 'il oCuO ** CucO — O. 

(ii) Br.Ot ^ B ? G - O. 

d. Some do not change: Ai,Z-\Mg„Ca,Ba,Sr 
e Physically mcdlned : fusion : Side. 
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(4) Electricity decomposes a large number of melted 

oxides and dissolved hydroxides. 

O — *■ + electrode ; m — * — pole. 

(5) Hydrogen has no action on alkaline and 

-earthly alkaline oxides ... others are totally or 
partially reduced : 

CuO + Ha — * Cu + H2O 

BaOa + Ha — * BaO + H2O 

sFeaOs + H2 — » aFe 304 + H2O 

Fe30 4 + Ha — ► 3FeO + HaO 

FeO + Ha — ► Fe + H2O. 

t (6) Carbon reduces a greater number of oxides 
than hydrogen : Cu, Fe, Pb, Zn, Sn are thus 
obtained in the metallic state. 

(7) Oxides are formed : — 

{ «c ) By direct oxidation of the metal. 

CuO, PbO, ZnO, HgO, Fe203, Fe304, 

( ft ) Calcination of a salt. 

CaO, HgO, CuO, Fea03, AI2O3. 

( v ) Double decomposition — formation of 
the hydroxides and then dehydration. 

(2) Hydroxides. — These are formed in the case of 
metals of the alkali and alkaline earth metals by : 

(i) Direct union of water with the oxides. In 
other cases, 

(n) By double decomposition when a soluble hydro- 
xide acts upon a salt 

NH4CI + NaOH * NH4OH + NaCl. 


38 
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All the hydroxides lose the elements of water and change 
to oxides when they are heated, except those of the alkali 
metals. Some hydroxides lose water by stages All the 
hydroxides are insoluble more or less in water except those of 
the alkalies and alkaline eanhs. 

(3) Chlorides —These salts are obtained m various 
ways : — 

( I ) Direct union of chloiine gas and the metal 

e'. g FeCl3, SnCI«| 

2AI + 3CI2 = 2AICI3. 

( II ) Action of carbon and chlorine on an oxide, cf 

2CI2 + SiOa + 2C = SiCI 4 + 2CO, 

and according to this method chromium 
chloride is formed 

(III) The general methods of preparing salts . — 

(a) Metal and an acid (HCI) 

Zn -f 2HCI = ZnCla + H2. 

(b) Oxide of the metal and an acid (HCI) 

ZnO + 2HCI = ZnCl2 + H2O. 

(c) Hydroxide of the metal and an acid (HCI) 
Zn(OH) z + zHCl = ZnCIz + 2H2O. 

(d) Another salt with an acid (HCI) 

AgNC>3 + HCI = AgCl + HNO3. 

(e) Double decomposition of two salts 

AgNOs + NaCI = AgCl + NaNO* 
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The chlorides as a class are soluble except those of silver 
mercurous mercury Hg.j ’, cuprous copper C112 ' and also of 
lead. Most of the chlorides are also stable towards water, :. c., 
dissolve without decomposition except those of the trivalent 
aluminium A 1 ‘" and chromium Cr‘“ which are hydrolysed 
Also the chlorides of magnesium, calcium and zinc hydro- 
lyse on being heated Mo3t of the chlorides are stable when 
heated except those of silver and platinum which leave 
the metals free on being heated The chlorides are usually 
the most volatile of the salts of a given metal, hence preferred 
in spectmm or flame analysis. 

(4) Sulphides. — They are formed by • — 

(1) Direct union. 

Fe + S = FeS. 

(2) Solution of a salt and hydrogen sulphide HzS. 

CuSO* + H2S - CuS + H2SO4. 

(3) Solution of a salt and soluble sulphides. 

FeS 0 4 + (NH4)2S = FeS + (NH4}2SC>4. 

(4) Reduction of a sulphate with carbon. 

Na2SC>4 + 2C = Na2S + 2CO2. 

The sulphides except those of the alkali metals are but 
little soluble in water. The sulphides of aluminium and 
chromium are hydrolysed completely by water, and those of 
the alkaline earth metals are partially hydrolysed. When 
heated in air they are oxidised as a rule to SO2 and the oxide 
of the metal. 

(5) Sulphates — These are prepared : 

(i) By the general method of preparing the salts 
' ( 2 ) By the oxidation of sulphides. 

. The sulphates are soluble in water except those of lead, 
barium and strontium, while calcium sulphate is meagrely 
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soluble When heated all sulphates except those of the alkalies, 
calcium, strontium, barium and lead decompose to SO2 and O 
and the oxide of the metal . 

(6) Nitrate'? — These are prepared by the usual methods 
for preparing soluble salts 

All nitrates aie (at least fairly) soluble in water. These 
decompose on heating generally to the oxide of the metal, 
XO2, and O, except the alkali and ammonium nitrates which 
change to nitrites and nitrous oxides and water respecth ely. 

{7) Carbonates — These are prepared by the methods 
for making insoluble salts -double decomposition. The alkali 
carbonates are prepared by special methods. 

All the carbonates except those of the alkali metals are in- 
soluble and are easily decomposed on heating to CO’ and the 
oxides of the metals 

(S) Phosphates — Phosphates are prepared by the usual 
methods of preparing salts (insoluble) by double decomposition. 

All the salts of phosphoric acid are insoluble except those 
of the alkali metals and the acid salts of alkaline earths ate of 
varying solubility 

(9) Silicates — These too like the phosphates are prepar- 
ed by the usual methods for preppring salts These salts of all 
the metals except those of the alkalies, are insoluble in water 
and are also stable compounds 
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General behaviour of metallic compounds towards water and heat. (Could*) 



alkali metals. fusible 
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Classification of the metals. 


Just as the non-metals can be arranged together in 
different groups according to their chemical and physical 
characteristics e. g., the halogens, the nitrogen family etc 
similarly also the metals are also found to be separating them- 
selves into different classes or groups, as they are technically 
called. Thus we have . 


[light 


Metals.! 


'Heavy! 


/Alkali metals; Na, K, Li, 
/ (NH 4 -) 

—Alkaline earth metals ; Ca, Sr, 



Ba, (Mg). 

vThe earth metals ; A1 and certain 
rare-earth elements. 

Iron' group : Fe, Co, Ni. 

Copper group ( or coinage 
metals): Cu, Ag, Au. 

Zino ( or Mercury) group ; Zn, 
Cd, Hg. 

Tin group * Sn, Pb. 


The alkali metals are often confounded with the alkalies, 
u c., the carbonates of these very metals, especially as the 
metals themselves were formerly prepared from the alkali-ash. 
The ash gives on analysis the carbonates of the metals (Na or 
K) and not the oxides as in the case of the other metals. Hence 
the word ‘alkali’ came to be fixed for the carbonates of 
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the metals sodium and potassium. The alkalies are them- 
selves further classified as : — 


I 


Alkalies. 


Fixed 

Na and K -carbonates & 
(hydroxides) 



Mineral Vegetable. 
Na K 


Volatile 

NH4 -carbonates & 
(hydroxides) 


These carbonates are all soluble in water and on hydro- 
lysis give rise to strong alkaline reaction Hence on account 
of their giving alkaline reaction which is of a base, the bases 
from these i. e., sodium, potassium and ammonium, also as well 
came to be designated by the same name : alkalies But to 
avoid confusion they are separated into mild and caustic 
alkalies according to their intensit} 1, of action on our skin. Thus. 


Alkalies 



Mild. Caustic 

Carbonates of Hydroxides of 

Na, K, NH4. Na, K, NH4 

The word alkali is of Arabic origin meaning exactly what 
our word ash* designates. 

* For fu!ier description of the term ash see appendix E 
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China Clay — Although the Silicates are stable towards 
heat they vary considerably in their resistance to the mass- 
action of water and carbon dioxide and in the course of time 
'are “ Weathered" The Felspars are generally the first to be 
attacked, and with their decomposition the rock disintegrates 
Thus the felspars of granite are transformed into soluble potas- 
sium, calcium and sodium carbonates, and silicic acid, { dissolv- 
ed ) which aTe swept into the sea or are absorbed by the soil 
Aluminium silicate, which is swept down to lower levels 
forms the clay. In exceptional circumstances the hydrated 
aluminium silicate may remain undisturbed above the unwea- 
thered rock. It is then, when pure and white, known as 
Kaolin or China-Clay, and is valuable for the manufacture of 
porcelain. 

BricKs.— Bricks are rectangular blocks made from ordinary 
clay or a mixture of clay and sand called loam baked to give 
them strength The clays are the disintegration products of 
the older rocks, they differ very widely in composition, 
according to their origin The hydrated silicate of aluminium, 
calcium and magnesium carbonates with iron oxide and silica 
&c. predominate. When heated ‘the hydTated silicates lose 
their water of hydration and with it their plasticity. Once 
baked they do not become rehydrated in contact with water, 
but remain porous, hard and resistant hence their use in 
building. Tin's is the chemistry of brick-making. 

Mortar —Mortar is a mixture in water of siaked lime 
Ca(OH)j and sand S1O2. The mortar binds the bricks more 
firmly because it makes its way into the superficial pores of the 
bricks The slaked lime at first loses water and' sbts to a 

39 
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porous mass, than gradually by the absorption of carbon dioxide 
it is transformed into the carbonate The sand assists in keep- 
ing the mortar porous and thus it ensures complete transforma- 
tion of the lime The sand itsel f as it is not altered , prevents the 
formation of large cracks, which would otherwise arise, from the 
shrinkage that accompanies the formation of the carbonate 
The hardening does not begin until the excess of water used in 
making the mortar has evaporated, and hence ordinary mortar 
is unsuitable for use in damp places such as cellars 

Cement —Cement is made by strongly heating .1 mixture 
of lime-stone, clay and sand-stone, in the right proportion 
(CaO — 50 to 60 S1O2 = 25 %, and AUO3 = S to 10 %). 
The above ingredients are mixed togetliei and heated until the 
mixture begins to sinter The “ CHinker ” so obtained is 
ground to a fine powder and the product is called ‘ cement 
because if it be mixed with watei it sets to a hard stone like 
mass, even if exposed to the continued action of water and also 
in open air Some natural lime-stones, containing over ?o % of 
0,a y. gi ve cements with the addition of other ingredients. 

When the cement is mixed with water, it gradually sets up 
to a solid mass which appears to consist of a mixture of 
silicates of calcium and aluminium. The change proceeds 
throughout the whole material simultaneously, since 
it is not dependent on the access of any gas and not as m the 
case of mortar from the surface inwards For this reason the 
hardening of cement occurs just as well under water as in any 
other locality. However the piocess of setting takes place 
best in the air, but when wholly or partially completed, the 
mass may be placed under water, since the compounds present, 
are all insoluble 

i . he hardening of cement is by no means understood The 
general belief being that this highly basic substance by absorp- 
tion of water changes to normal hydrated silicates 

Olay products 

(i) Pottery —.The crudest form of clay products, bricks, 
tiles, drain-tiles, &c>, have little chemistry involved in their 
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manufacture. Naturally Occurring clay ts moulded into the 
required foim and burned in a kiln but not to softening tem- 
perature. In this process the natural nearly colourless ferrous 
conpoutids m the clay are converted into the feme compounds 
vi Inch give the usual red colour to tiiese articles. 

(2) White Pottery. — This term is applied to a variety 
of articles varying from the crudest porcelain to the finest china- 
ware While the processes used in the manufacture of the 
articles differ 111 details, fundamentally they are' the same and 
may be classified as below ’ — 

fi) 1 'he preparation of the body of the ware. 

(2) The process of glazing;. * 

» 3 l 1 he decoration. 

(i) The preparation of the -ware.— Hie materials 
used consist of an artificially compounded clay made from 
kaolin, plaster cla> and pulverized feldspar. The mixture is 
plastic and is w diked into the desired shape, bj moulds or on a 
potter's wheel The ware is then dried and burned until 
vitrified and 111 this fpnn is known as ‘•Bisque/’ This is 
usually porous and mu«t bo glazed to render it nonabsorbent. 

(a) Glaze. — l’he glaze is a fusible glass which is melted 
ovm the surface ol the body. The constituents of the 
gias' are quinz, feldspar and various metallic oxides 
often mixed with a little .bone oxide. These materials 
are finch ground and mixed w ith water to paste Sometimes 
they are first iused into a glass which is then powdered and 
made into piste The bisque is dipped into the glaze paste, 
dne i and fired until the glaze materials melt and flow evenly 
over the surface The glaze must be so chosen as to resist 
icagrnts to which it is 10 be expose 1 , and it must have the 
wune oo-efficient of expansion is the body, otherwise it 
will check or crackle when the vessel rs exposed to changes of 
temperatures. 

Hoover the cheapest inetho I of glazing is to throw into 
« 1 »* tom ire*, whitb contain the baked eirlhcnware, common- 


I 
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S2lt~h:Gh TolatS’zes and forms XaOH — HC 1 , and reacts 
arson the bet surface of the earthenware to form a cohering 
laver of sodium and aluminium sil : cates, that is to form an 
artificial feldspar. 

Decoration.- If the article is to be decorated, then the 
design mar either be namted upon the body before glazing, 
-xhen it is sa ; d to be undergluzed, or it may he painted trpoa 
the glaze and the article fired again, the pigment melting into 
tire glaze. In the former case the pigments used are as a rale 
metallic csices, -while in the latter case they are often coloured 
glasses. 

Porcelain differs from ordinary earthen-ware in that after 
the first baking it is dipped in a milk of feldspar which soaks 
mto the pores It is then fired again when the vessel and the 
feldspar fuse to a homogeneous translucent mass. 

Glass. 

Glass is a solidified nnderconled solution ^mixture) c: 
several siiic 2 tes-SGdit:m and calcium silicates- m excess of sand 
SiOa. It is a material -which on cooling from the state cf 
viscous liquid, nas failed to crystallize and yet has become a 
rigid bony. Ordinary pure quartz, when fused and ccoled is 
an example of the simplest of the glasses. Ordinary glass as 
sa'a above is a mixture of the said silicates -which -when melted, 
mix together to form a homogeneous liquid and when this is 
cooled, it gradually hardens to a glass. 

1- Ingredients of glass. — 

The ingredients ordinarily employed in glass making are 
52nd- lime-stone and. the carbonate or sulphate of 
sodium. VT'nen a mixture cf these materials in proper propor- 
tions is heated to fusion the volatile anhydrides are driven out 
by the silica and the bases remam in the form cf silicates. For 
glass of fine variety pure materials must be used while fer cheap 
bottle-glass ordinary sand, lime-stone, and soda-ash wiij serve. 
When sodium sulphate ts used in place of sodium carbonate 
carbon is added to reduce the sulphate to the sulphide which is 
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then more easily decomposed by silica. Arsenious oxide AS2O3 
is sometimes used and may act either as a reducing or as an 
oxidising agent depending upon the conditions. It also forms 
bubbles on volatilization and thus in some cases may assist in 
stirring the liquid and in collecting the smaller bubbles of the 
other gases which are always present in the melt. 

The alkali silicates are soluble in water and also are 
amorphous and easily fusible The calcium silicates however 
are insoluble, very hard to fuse and frequently crystallize By 
fusing both these together, an insoluble amorphous transparent 
mass of moderate fusibility is obtained which is ordinary glass. 

Thus in short glass is a fused mixture of silicates of sodium 
or potassium with one or more other silicates which are insolu- 
ble in water, such as silicate of calcinm, magnesium etc. the sili- 
cates of the alkalies alone being soluble in water. In practice 
ground quartz or flint or clean sand mixed with potassium or 
sodium carbonate and the other ingredients are flitted together 
in an oven or a furnace by which means the silica constituting 
the quartz or sand enters into combination with the bases, thus 
farming glass 

There are many and very great varieties of glass, differing 
from each other in their respective compositions, qualities and 
uses. 

The properties of glass depend primarily upon the quality 
of the materials and secondly upon the proportions of these 
materials used. By varying these two conditions it is easy to 
obtain grades of glass varying widely m fusibility, hardness, 
lustre, refractive power, etc. The usual composition of ordinary 
glass being Na20.Ca0.6Si02. 

. Na2COj CaC03 + 6S1O2 = Na20.Ca0 6S1O2 + 2CO2. 

II. Varieties of glass.— 

(a) Soda Glass.— (Window). It is a soda-lime-sflicate 
It is readily fusible and has a green tinge due to iron impurities. 
This is the common glass. 
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(b) Potash Glass. — (Crown, Bohemian, Jena). It is a 

potash-Iime-sihcate. It is very difficult to fuse and hence used 
for chemical ware ' 

(c) Lead Glass. — (Flint, Cut). It is a silicate of potash 
and lead. It is softer, more easily fusible and highly refractive 
and takes on a beautiful lustre when polished. It is therefore 
used for optical instruments and fancy glassware 

(d) Opaque Glass — { Milky ) It is made by adding 
ma terials which remain suspended as solids in the melt 01 
which melt along with the glass but do not mix with it. In the 
latter case an emulsion is formed and the turbid glass remains 
opaque on cooling. Fluorspar, cryolite, bone-ash, and tin 
oxide are used to gain the object. 

111. Colour of the glass — 

The colour is due to the presence of colomed metallic 
silicates. 


Colours. 

Green v ... ,, 

Yellow and Brown ... 
Deep blue . 

Ruby Red . . 

Black 

Yellow 

Opalescent yellow ... 
Violet red ... 

White 


N. B. 


Metallic silicates 
Ferrous silicates 
Ferric „ 

Cobalt „ 

Gold or copper in suspension. 

Sulphur 

Antimony. 

Uranium. 

Manganese dioxide 

Cryolite or phosphates of 
calcium. 


Clay-ware diffeis from glass m that a natural silicate is 
used which does not fuse in the manufacture although it softens 
nurfe or less. 
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Glass is toughened by plunging it into oil while hot 
Note the difference between “ water-glass ” and “ soluble 
glass" which are synonimous With sodium silicate and 
“ Volcanic glass " (obsidianite) from the ordinal}' glass. Obsidi- 
anite in the extrusive, igneous rock which has been fused and 
cooled in,an amorphous or nearly entirely amorphous condi- 
tion. It is usually dark in colour and has a vitreous appearance 
and fracture. It is used in acid concentrating plants on 
account of its acid resisting propofties. 



Appendix C. 

ASH. 

The chemical compounds which entei into the composition 
of plants and animals, and their products wood, humus, fat, 
Hesh, wool, blood, milk etc., difler in several important parti- 
culars from the common substances These are usually more 
complex, that is, the molecules of such compounds contain a 
large number of atoms. When dried and heated strongly in 
air, they bum and the products of combustion are mainly gases, 
and aTe given off, but usually there remains a solid residue or 
incombustible mateiial to which, whatever its composition, 
the name ash is given. 

The combustible part is often called the “Organic 
Tna.t t.ftT ” and the ash by contrast is referred to as *' Inorganic’ 
or “ mineral matter ” The distinction is of long standing 
and was originally intended to signify that, whereas the com- 
pounds which formed the combustible part were essentially 
products of living organisms, the ash consisted of materials 
which could be obtained from non-living matter. In this sense 
the distinction has been broken dow n The constituents of the 
ash are (i c. may be) products of the organisms just as much as 
those of the combustible matter. ' The two parts are however 
treated separately in chemical analysis, and hence the terms 
mentioned are convenient and are still employed for the pur- 
poses of reference 

The chemical relations of the constituents of the ash -or 
atleast some of them-to the compounds of which the combus- 
tible matter is made up, is in some cases well known, and in 
others it is very obscure. All the compounds which enter into 
the composition of the combustible matter contain the elements 
carbon and hydrogen Oxygen is also present in a large 
number of them, and not a few contain one or more of the ele- 
ments, nitrogen, sulphur, phosphorus and even matallic elements 
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enter into the composition of some of them. When the sub- 
stances are burned, the caTbon, hydrogen, and sulphur combine 
•with oxygen and form oxides. Parts of the oxygen may be 
derived from the substance itself, but the remainder -the larger 
part- is obtained from the air in which combustion takes place. 
Oxides of nitrogen are not formed m appreciable quantities at 
the temperature produced by the combjistion, and practically 
the whole of the nitrogen is therefore liberated m the free state. 


The oxides of carbon, hydrogen and sulphur are gases at 
the temperature of combustion and are volatilized, but in some 
cases small amounts aTe fixed by combination with basic oxides. 
It must not be assumed, therefore, that all the constituents pre- 
existed in the original substances in precisely the same form in 
which they are found in the ash Milk for example contains 
neither carbonates, nor sulphates but the ash of milk contains 
both. On the other hand the calcium phosphate of which 
bone-ash mainly consists, is probably very similar to, if not 
identical with the substance present in the unburnt bones. 


The quantity and composition of ash depends to a large 
extent upon the nature of the substance burned Bones for in- 
stance yield nearly ten times as much ash as wood, and the 
ashes are composed of very different materials. 


Ash 


Organic 


1 


Animal. Vegetable. 
Bone-ash 


Inorganic. 
Black-ash (crude 
soda containing 
carbon particles) 


Soda-ash - , i 

_ Potash, pearl or american. 

smaller boughs or branche " feIIed the tw5 gs and 

* ^-n.nfo° X hes ^"r d b r ed Fo ™ r * 

40 carr,0d out in iron pots 
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to facilitate the collection of ashes, and the* product therefore 
was called “pot-ashes”. These days the same process is 
carried on in pits dug in the ground, but the name remains. 

Wood-ashes contain from 6 to 8 per cent of potassium 
carbonate, which can bo separated almost completely from the 
other constituents by solution in water. The product obtained 
on crystallization -and which is called potash contains 50 to 60 
per cent of potassium carbonate By a further process of 
solution and recrystallization a still purer substance containing 
upwards of 90 % of patassium carbonate can be obtained. Tins 
is called ‘Pearl ash’ or ‘American ashes.’ 
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All chemical reactions have to obey certain laws, and are 
controlled to a great extent by the surrounding circumstances. 
All these factors tend to affect the rapidity of the reaction to a 
great extent Especially the influence of temperature has a 
great effect, as it has been found that a change of ten io° degrees 
doubles or halves the speed. But still surprising is the 
effect of the mere presence of oertain materials along 
with the reacting substances. 

Every student of chemistry knows too well the effect of 
manganese dioxide on the evolution of oxygen from chlorate 
of potash. There we find that chlorate of potash breaks up 
much earlier in presence of manganese dioxide than otherwise. 
On examining the quantities of the substances before and after 
thi decomposition we find that manganese dioxide remains as 
if unaffected. 


On account of this hastening of the decomposition, the 
phenomenon is called Catalysis [Keta=down ; lyo-to 
loiKe], and the foreign substance a catalyser. Thus we may 
define a catalyser as a substance that increases the 
speed of a reaction (decomposition or formation of a 
compound), e. g., 

Decomposition 

2KCIO3 + xMn ° 2 zKCI + 1O2 + xMnOz. 


, 2 SOa + O2 -f xPlatinum 


vuuiviiwuoa 


• 2SO3 4- xPIatinum. 


. again we find that compounds which are unstable 

and hence decompose if left alone become or at the least show 

ch lorofbnrT r!r' ° nly Ib pV6Senc<> ofcertain substances eg., 

cfXnho? / y i. r0gen peroxide remains ***** in presence 
of alcohol and a dilute acid lespecyvely. ^ These bodL may 
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bo said to be slowing down the speed of decomposition 
Whether they actually do retard the speed or some other 
thing happens is not our pronnco, for the present. What we 
find is that the decomposition is very slow if at all it is there. 
Thus putting these two experimental results together we 
may say • 

A catalyser is a.substance that changes the speed ol the 
reaction while apparently not taking part in the reaction, and 
without itself appearing among the final products of the 
reaction 

Thus a catalyser mn\ be .1 positive or .1 negative one as 
it accelerates or retards the reaction. It nm be ,t solid ora 
liquid or a gas or .1 \ apour 

Theory of Catalyms. Catalvseis may be likened to 
some incentive or awe or fear or jealous) according to the 
theory one adopts. 

(1) It may be likened to a lubricant Ostwald compares 
its action to that of oil on the a\les of a machine 
which mo\o with grout/ friction. When oiled the 
machine w ill go much' latter, not w ithstanding the 
force has not changed The oil v- not consumed, in 
actually increasing the speed. 

(a) It may be compared with the c\er> day experience of 
children preparing their lessons more quickly in the 
presence of elders or w hen some sw eets are promised 
in return. Here neither the parents nor the sweets 
are in any way taking actual and active part in the 
act of preparing the lessons. 

(3) It may be still more pointedly compared to the other 
every day experience of jealousy among tw 0 lovers 
when a third intruder tries to step in. Though 
actually he may not many still he precipitates the 
marriage. Thus suppose A and B Jove one another 
and would to all probability marry after a time , 
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but if C comes in on the scene there is bound to be 
jealousy and a short friendship of C with either A 
or B would make both A and B hurry up and settle 
about their relations. 

The presence of a ‘ foreign substance ' i. e which does not 
appear in the chemical equation proper, has always some effect 
In many cases it seems to have almost no effect while in others 
it shows a very marked one. The substances who have marked 
effect on the speed or velocity are called catalytic agents. The 
difference is only quantitative. In theory every foreign sub- 
stance acts catalytically. Catalysis is not a very well advanced 
phenomenon though now known for over nearly a century. It 
is being developed only recently simply because catalysis is a 
phenomenon of speed change and no conception of speed 
change is possible without the development of the doctrine of 
‘ Reaction Velocity ' as catalysis is change in speed of the 
velocity. 

Catalysis is quite a common phenomenon. There is no 
reaction unaffected by some catalyser or other, and no sub- 
stance which does not affect catalytically some reaction or 
other, still no general relationship can be discovered between 
the kind of a catalyser and the kind of reaction. 

To come to the theory proper, it consists according to one 
school in the assumption of intermediate reactions, viz Let 
and B be the substances which interact very slowly with 
ormation of AB. A foreign substance, say Z, when added 
orms KB as K and B react quicker than A and B do. 

and IT decomposes ZB in such a manner that AB 
arcs formed. This process can now be repeated and 

nQ\ass aM ^ ^ 0r ® ,s ex hausted. K the catalyser suffers 

, . *!S ht seams improbable that an indirect road can 
happenso t0 S oa ^ than the direct one. Yet it does 
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As to the second kind of cnialysera -Retarding- it is not 
as yet certain whet h or these are lo.illy retarding catalysers or 
they simply bring about the retardation as a secondary effect, 
duo to an inactivation of the catalyscr which was present 

Auto-catalysis • Substances produced or used up during 
a chemical reaction ant catatytically on the course of the 
reaction. In such a case we have auto-catalysis. 

The most striking typo of anto-c.iUlysis is that a reaction 
in which an accelerator is formed during a naturally slow 
reaction c g Action of nitric acid on .t metal like silver or 
copper. There the formation of the o\ide of nitrogen accele- 
rates the solution of the metal m the acid used 

N. B. (1) The enzymes and organic ferments act like 
catal) sers. 

(2) Occlusion may be looked upon as a case of 
calahsis 
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We have often seen that two or more substances usually 
metals can on heating be made to mix so well , that they ulti- 
mately form one compact body. These special types of com- 
binations are called by a distinct name : Alloys (a -according 
to ; and loi-law) used formerly only with reference to legal 
standard of coins. Two metals are sard to alloy when they 
rare together when melted, and solidify without separation. 

Many elements especially metals and metalloids when 
melted together are mutually soluble and on being cooled the 
solution freezes to a solid called an alloy. On account chiefly 
of their consistency the alloys of mercury are called 
Amalgams (malagma = soft mass). 

Preparation. The metals are melted together in a red 
hot cruicible under a layer of carbon so as to avoid combina- 
tion with oxygen If the proportions are definite there may be 
got true chemical combinations attended with evolution of heat 
and yielding crystalline masses on cooling. 

If there are no definite proportions, the alioy formed is 
a efinite compound but dissolved in the excess of the metai. 

When the alloy is subjected to slow cooling (liquidation) 
t e mass separates out into several parts, which solidify succes- 
sive y at different temperatures, so giving alloys of different 
composition. Inversely the same separation takes place when 
e temperature of the solid alloy is slowly raised. 
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Some Important Alloys. 


Alloys. 

Composition. 

Aluminium Bronze 

Cu 

00 

%; 

A 1 

10 

%■ 

Brass 

Cu 

70 

%; 

Zn 

30 

% 

Bronze 

Cu 

70 

%■> 

Sn 

5 

% ; Zn 25 % 

German Silver 

Cu 

60 

%t 

Ni 

20 

% , Zn 20 %. 

Gun metal 

Cu 

90 

%: 

Sn 

10 

%■ 

Gold coin J. 

Cu 

10 

% > 

Au 

90 

% 

Silver coin 

Cu 

10 

%', 

Ag 

90 

%• 

Nickel coin 

Cu 

75 

%; 

Ni 

25 

%■ 

F erro-manganese 

Fe 



Mn. 



Ferro-chrome 

Fe 



Cr. 



Magnalum 

A 1 



Mg. 



Solder 

Pb 



Sn. 



Pewter 

Pb 



Sn. 



Type metal 

Pb 



Sb„ 



Fnsible metal 

Pb, 

Sn, 

Bi, 

Cd. melting at 6o° and 


used 

For taking 

casts. 
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UNIVERSITY EXAMINATION QUESTIONS, 
on 

General Chemistry, 
for 

Intermediate Science Examination 
1914. 

A. N Meldrum & G B Kolhatkar. 

1. Slate some of the important conditions which influence 
chemical change. Illustrate 5 our answer by two examples of 
each 

2 State the Law of Multiple Proportions. In the experi- 
ments on the effect of heating oxides of lead in a current of 
hydrogen, the following results were obtained : — 

(a) t 397 grms of litharge gave 1 293 grins of lead 

(b) 2 173 „ „ lead peroxide „ 1 882 „ „ „ 

(c) 1 712 „ „ red lead ,, x 552 » » » 

Show that these Tesults are in accordance with the law of 
multiple proportions 

3 Calculate the weight of 22 4 litres of air at 0 °C and 
76 cm., ignoring gases other than oxygen and nitrogen. Calcu- 
late the density’, relative to ah and hydrogen, of (a) acetylene, 
(b) chlorine, (c) water-vapour 

4 . State the principle laws of electrolysis What happens 
when a current of electricity’ is passed through solutions of the 
following substances in series : — 

Sodium chloride, sodium sulphate, copper sulphate ? 

What would be the weights of the products at the different 
electrodes, if the action is continued till 5 grms of copper have 
been deposited ? 
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1915 - 

N A. Masani & G. B Kolhatkar. 

1, Discuss fully Henry’s law of the solubility of gases in 
liquids. 

What is the effect of temperature on the solubility of (a) 
gases in liquids, (b) solids in liquids. 

S. Explain fully what you understand by the terms, atom 
and molecule. 

Determine the atomic weight of a metallic element from 
the following data : — 

, 0-5395 grms. of the metal when converted into its chloride 
weighs 0717 grms The specific heat of the metal is o 059. 

3 Mention the important methods for the preparation of 
salts Descnbe any two of them in detail emphasising the 
points which you think require attention. 

» 1916. 

H. A Masani & P. V. Mehd. 

1 What is meant by the term equivalent of an element ? 

How is it related to atomic weight 5 

1.25 grms. of a metallic element gav^ on dissolving in an 
acid 248 c c of hydrogen measured at normal temperature and 
pressure If the specific heat of the element is 0*055 calories, 
what is its atomiG weight 7 

2 Explain fully Faraday’s Laws of Electrolysis 

An electric current is passed through aqueous solutions of 
(a) copper sulphate between copper electrodes, (b) copper 
sulphate between platinum electrodes, (c) sodium chloride 
etween platinum electrodes, (d) hydrogen chloride between 
carbon electrodes. 

Describe in detail what happens in each case. What 
amount of different substances is liberated when the quantity 
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of electricity passed through each of the solutions is one 
faraday 7 

3 Whai is glass, and how is it manufactured * Give a 
short account of the process, 

4 . An oxide of copper gave the following results — 

88 8 parts of copper and x i*2 parts of oxygen by u eight 

What may be the formula of the oxide ’ How will you 
proceed to obtain a sample of the oxide in the laboratory. 


1917 

2T A. Masam & G B XolTiatkar. 

1. Name some gases which are combustible Describe 
clearly the experiments you would perform to distinguish bet- 
ween any three of them 

State Dalton’s Law of partial pressure. 

27*3 c c of oxygen were measured in a dry eudiometer 
over mercury at 0 °C and 367 mm pressure The gas was then 
transfered to a vessel standing over water, and the water was 
brought to the same level inside and outside the vessel. What 
volume would the gas occupy at 27°C and 760 mm pressure 7 

(Vapour pressure of water at 27°C = 26 mm.) 

0. 250 c c. of a sample of spring water required 29^8 c c 
N 

of— silver nitrate solution to completely precipitate the dis- 
solved chlorides Find the weight of chlorine present in com- 
bination, in 100 litres of the water. Cl = 35 45 


1918. 

N. A. Masam & G B Kolhatkar 

1 . How is the equivalent weight of an element deter- 
mined 7 What relation does it bear to the atomic weight 7 
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The sulphide of a metal gave on analysis 81*22 per cent 
metal and 18*78 per cent sulphur. The specific heat of the 
metal was 0*0303. Wh it is its atomic weight * S=32. 

2 (a) 112 c c of dry chloime gas at N. T. P. is mixed 

with 385 c. c of dry hydrogen gas at N. T. P The gases are 
allowed to react. When the reaction is over, the mixture is 
shaken with water What gas is left as a residue, and what 
■volume would it occupy at 27°C and 570 mm. pressure ? 

(b) A compound was found on analysis to have the 
following composition : — 

K - 17*8, Ni = 13 5, SO4 = 44, and H2O -- 24 7 per cent 
What is the formula of the compound ? 

K - 39, Ni = 39, S =. 32, 0 = 16. 


1919. 

D. D Kanga & G. B Kolhatkar. 

1 Explain the meaning of the term electrolysis. State 
the laws of the phenomenon. 

A current of electricity is passed through copper sulphate 
solution by means of two copper plates which dip into the 
liquid. State and explain what may be observed. What 
difference would be obtained if platinum plates were used in- 
stead of copper ’ 

2 Determine the molecular weight of ozone from the 
following data : — 

A mixture of oxygen and ozone occupying one litre at 
K. T. P , weighs 1*468 grms. When treated with turpentine 
50 c c only of the mixture are obtained. One litre of oxygen 
at N. T. P. w*eighs 1*429 gims. 

1 01 

On dissolving 1*991 grms. of a metal in dilute sulphuric 
acid 725 6 c. c of hydrogen measured at i?°C and 756 mm. 
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pressure, were evolved The weight of one litre of hydrogen 
at N. f P is 0*09 grm The specific heat of the metal was 
o 095 What is its atomic weight 9 


1920 

D. D Kanga & V B. Divatia. 

1 Define and illustrate the following terms: — (i) Water 
of hydration, (2) Deliquescence, (3) Efflorescence, (4) Dehydra- 
tion, (5) Water of constitution, and (6) Hydrolysis. 

Find the number of molecules of hydration in ferrous sul- 
phate, given tnat 1 grm of crystals jielded b 84 grms of barium 
sulphate 

2 , State how the volume of a gas is related to tempera- 
ture and pressure. Describe experiments in illustration of your 
answer. 

27-3 c c. of hydrogen were measured m a dry eudiometer 
over mercury at 0 °C and 750 mm pressure The gas was then 
transfered to a vessel standing over water, and the water was 
brought to the same level inside and outside the vessel What 
volume will the gas occupy at 27°C and 761 mm. pressure ? 

(Vapour pressure of water at 27°C = 26 mm ) 

3 Define acids, bases, and salts in terms of 

(a) Their properties, 

(b) Their composition, and 

(c) The ionic theory 

Discuss the statement that " ordinary chemical tests are 
tests for ions ” 

4 , Define and illustrate the terms, .— Equivalent, atomic 
weight and molecular weight. 

Give a clear statement of the Law of Equivalent weights 
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What weight of manganese dioxide must be decomposed 
by hydrogen chloride m order to obtain enough chlorine to 
combine completely with the hydrogen evolved by dissolving 
10 grins of magnesium in dilute hydrochloric acid ’ 


' 1921. 

t 

D. D. Kang-a & G G Narke. 

1 (a) What weight of sodium hydroxide would be re- 

quired to neutralize 100 c. c. of normal solution of sulphuric 
acid.’ 

. (b) What volume of carbon dioxide measured at 

X5°C and 760 mm. pressure would be required to convert 
completely the above amount of sodium hydroxide into sodium 
bicarbonate ’ 


1922. 

D. D. Kanga & R. N Bhagwat 

1. What volume of hydrogen sulphide will be evolved 
when 4 4 grins, of ferrous sulphide are treated with hydro- 
chloric acid ? 

What weight of sulphur dioxide will be obtained by burn- 
ing the hydrogen sulphide formed ’ 

What is the nature of the reaction which takes place when 
sulphur dioxide and sulphuretted hydrogen gas are mixed ’ 
Give equations. 

or 

How is hydrogen peroxide prepared in a pure form ’ 
What are its properties and uses ? 

How much of hydrogen peroxide solution labelled " io 
vols" will be necessary if 1520 c c. of oxygen are to begot 
from it at 2j°C and 750 mm pressure s 
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2 , Explain the following terras, giving an example of 
each — (a) acid, (b) base, (c) «ioid salt, (d) basic salt, (e) 
double salt, and (f) complex salt. 

What is the reaction of the solution of copper sulphate * 
How do ) ou explain it ? 

3 Henry’s law states that " The solubility of a gas is pro- 
portional to the pressure." it also states that " the volume of 
a gas dissolved is independent of the pressure ” Explain this 
paradox 

The gases ammonia and sulphur dioxide do not obey 
Henry’s law Show how it happens 


1923 

D. D Kanga & R N. Bhagvat 

1 Dalton states “ equal volumes of gases contain the 
same number of atoms at the same temperature and pressure.” 
This statement was found to be incompatible with “Gay 
Lussac’s law of gaseous volumes ” based upon experimental 
facts A correct interpretation was given by Avogadro Give - 
the correction that was introduced by him and show how it 
bears with the experimental facts. 

2 What gas is obtained on heating ammonium nitrate ’ 
Give its characteristic properties. 

What weight in grams of ammonium nitrate would 3*ield 
on complete decomposition, 85 litres of this gas at i6°C and 
748 mm. pressure ? 

8 What is electrolysis 8 9 State the laws of Faraday and 
explain what will happen if an electric current is passed through 
solutions of (a) common salt, (b) sodium sulphate, (c) copper 
sulphate 9 What will be the quantities of products from a, b, 

and c if from (c) '63*6 grins, of metallic copper are liberated 
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1924. 

A R Normand & R N. Bhagrrat. 

R. L Alimoliandam & V. A. Tamhane. 

1 Define the equivalent weight, the molecular weight, 
the atomic weight of oxygen. How would you proceed to 
determine the above values for oxygen, taking the atom of 
hydrogen as your unit of weight ? 

What is the usual equation representing the action of hot 
concentrated sulphuric acid on metallic copper ? 

What volume of gas ought to be obtained by the use of xo 
grins of copper, the gas being measured at 27°C and 750 mm.? 

2 . In experiments on the effect of heating oxides of lead 
in a current of hydrogen, the following results were obtained : 


(a) 

1-397 grins. 

litharge gave 

1*293 gnns. lead. 

(b) 

2’*73 .. 

lead peroxide „ 

1-882 

(c) 

1712 .. 

Ted lead „ 

1*552 „ 


Show that these results are in accordance with the law of 
multiple proportions. 

What hypothesis accounts for this law 9 Show how it 
does so 

3 . Distinguish between a metal and a non-metal. Classify 
copper, sulphur, carbon, phosphorus and zinc into metals and 
non-metals. By what experiments would you prove that your 
classification is correct 9 

Show that the action of concentrated nitric acid on each of 
the above also confirms your classification. 
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SOME IMPORTANT TERMS 

Absolute Zero of temperature is -273X at whicn all 
gases "would theoretically cease to possess any volume as such. 

Adsorption is the condensation of a gas or a liquid at 
the surface of a solid. 

Acid is a substance that gives H -ions in solution 

( t ) Hydro-acids are those acids that have no 
oxygen in their molecule. 

(2) Ory-acids are those acids that ha\e oxygen in 
the molecule. 

Acidity of a base is the power of a base to neutralise 
an acid. 

Acid-strength is its reactivity at a particular con- 
centration. 

Affinity, Chemical is the unknown influences which 
ultimately deterimine the chemical reactivity. 

Alkali es are the carbonates of sodium or potassium {or 
even of ammonium) either solid or in solution. 

Alloy. Many elements especially metals and metalloids 
"vi hen melted together are mutually soluble and on being cooled 
the solution freezes to a solid ^then that body is called an alloy. 

Amalg am is an alloy one of the constituents of which is 
mercury- 

Amphoteric electrolyte is one whose hydroxide in 
solution dissociates both as an acid and as a oase 

Ash. is the solid residue of incumbustible materials which 
are left behind when (organic) bodies are burnt in air. 

1 . Ash, black is crude sodium carbonate containing 
carbon particles, 


1 
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2. Ash, bone is the product from the bones. 

3. Ask, pearl pure recrystallized potassium 

carbonate. 

4. Ash, pot ordinary potassium carbonate 

5. Ash, soda ordinary sodium carbonate. 

Association ( molecular ) is the loose combination 
between two or more molecules of the same substance, chiefly 
found in compounds possessing groups of marked residual 
offin.ty, -OH, -COOH, -NHa. 

Atom is the smallest quantity of an element which can 
enter into chemical combination. 

Avogadro’s hypothesis states that equal volumes of 
gases or vapours under the same conditions of temperature and 
pressure contain an equal number of molecules. 

Base is a substance that gives OH' -ions in solution. 

Base-Strength is its reactivity at a particular concentra- 
tion. 


Basicity of an acid m the power of an acid to neutralize 
a base. 


Bisque is unglazed white porcelain. * 

Boiling point — B. P. — is the temperature at which the 
vapour pressure of a liquid becomes equal to that of the exter- 
nal atmosphere. 

Boyle’s law states that the volume of a gas at constant 
temperature is inversely proportional to the pressure to which 
it is subjected. 


Catalyser is a substance that changes the speed of the 
reaction along with which it is present 

nr *, a b0d 7 prapared by stron S ly bating a mixture 

or lime-stone, clay and sand-stone. 

Charles's law states that the volume of a gas varies 
directh as the temperature, the pressure remaining constant. 
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Olay is tho natural hydrated compound of alumina and 
silica) resulting from the combined action of air and water upon 
certain felspathic rocks 

Colloid is a solid which in contrast to the crystalloid 
possesses no definite geometrical structure, but is either amor- 
phous or gelatmious. 

Combining Weights, law of. (Reciprocal or Equi- 
valent). The weights of different elements, which combine 
separately with one and the same weight of another element 
are cither the same as or are simple multiples of, tho weights of 
these different elements which combine with each other. 

Compound is -i homogeneous body composed of .illeast 
two different materials and the components of which combine 
in a lived ratio, the combination is follow ed by a change in 
properties and chemical (thetm.il) energj . 

Concentration is tlio percentage amount of a constituent 
present in a given system. 

Constant is a number which, independently of the varia- 
tions of certain defined external conditions, retains the same 
i alue, and is characteristic for, a definite substance, a definite 
physical pioperty, or certain relations betweon definite physical 
properties. 

Constant or Definite Proportions, law of. The 
same compound alw ays contains the same elements combined 
together in the same proportion by weight. 

Conservation of mass, law of The weight of a com- 
pound is equal to the sum of the w eights of the different ele- 
ments forming that compound. 

Critical Pressure of a gas is that pressure exerted by a 
a gas at its critical temperature and critical volume. 

Critical Temperature o'f a gas is the temperature, 
characteristic for each gas, above which liquefaction does not 
occur whatever the pressure. 
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Critical Volume of a gas is the specific volume of a gas 
at its critical temperature and pressure 

Crystal is a body which by the operation of affinity’, has 
assumed a symmetrical or geometrical form of a regular solid, 
terminated by a certain number of plane and smooth surfaces. 

Crystals allotropic, are the different crystalline forms of 
the same « hemical element 


Crystals lsomorphous, are crystals of different chemi- 
cal species which possess the same geometrical form, and are 
capable of crystallizing together as a 11 mixed crystal ." 

Crystals mixed are the bodies which, when simultaneous 
crystallization in the same crystal mass of distinct chemical in- 
dividuals takes place, are formed. 

Crystals, polymorphic are the different crystalline forms 
of the same chemical individual 


Dalton’s law of partial pressure says that the pressure of 
a mixture ol chemically indifferent gases and vapours, is equal 
to the sum of the pressures which each would exert, if it alone 
occupied the whole space. 


Decrepitation is the physical rending or flying apart of 
the joints of the crystalline structure of certain crystalline 
bodies when heated, attended with a crackling noise. 


Deliquescence is absorption of moisture from the air by 
crystalline bodies when they are exposed to it and thereby 
these bodies become paitly or more or less liquid in character. 

Density, relative is the ratio of the mass of a given 
volume of a substance (solid or liquid) at 25°C to that of an 
equal volume of water at 4°C, 


Density, vapour is the weight of a volume of a gas 
compared with that of an equal volume of (a) air or (b) 
hydrogen. * ' ' 
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If V D of hydrogen is taken as r, since mol. wt. 

H2 = 2 and adopting Avogadro's rule, we have 

Mol Wt of a gas = 2 x vapour density. 

Diffusion, is the gradual penetration of one gaseous 
species through another 

Dimorphism is the condition when a substance exhibits 
the property of crystallization in two forms 

Dissociation, gaseous is the breaking up of a gas mole- 
cule (by increased temperature or diminished pressure into two 
or more simple molecules, which reunite when the original 
conditions are restored. 

Dulong and Petit’s law states that the product of the 
atomic weight and the specific heat of solid elements is con- 
stant (which is 6*4) 

Efflorescence is that when salts which give up or lose 
part of then water of crystallization on exposure to air and 
thereby become coated with a pulverulent deposit due to this 
change. 

Electrode is that piece of .1 substance which serves as a 
* quay ’ for the departure or arrival of electricity in electrolytic 
conduction. 

(1) Anocb? is the positive electrode, towards liich move 
the negatively charged ions called Anions. 

(2) Cathode is the negative electrode towards which 
move the positively charged 10ns called Cations, 

Electrolysis is the act of decomposition of an electrolyte 
into its radicals when an electric current is passed through it. 

Electrolyte is a substance which conducts electricity by 
means of its own molecules or their parts 

Element, Chemical is a body which cannot be split up 
-into anything simpler by any means at our disposal It is also 
called a 1 chemical primary.’ 
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Equation, chemical is an e\pression used to represent 
a chemical reaction. 

Equilibrium, chemical is the state of affair in a chemi- 
cal reaction when the chemical change proceeds as fast in one 
direction as in the reverse. 

Equivalent, chemical is the amount of an element 
which can combine with, or replace in combination, 1*008 parts 
by weight of hydrogen or 8 parts by weight of oxygen. 

Equivalent, electro-chemical is the amount of an ele- 
ment that is deposited from combination by one coulomb of 
electricity (i ampere for i second). 

Evaporation is the passage from the liquid to the 
vapourous state. 

Faraday’s laws :• — 

First law states that the mass of a substance deposited 
or liberated at an electrode is proportional to the 
quantity of electriciy that has flowed through the 
electric cell. 

Second law states that the mass of a substance deposited 
is proportional to the chemical equivalence of the ion. 

Flux is that easily fusible material which is added to an 
ore to dissolve out the impurities (matrix) 

Formula is the arrangement of symbols (in juxtaposition) 
which represents the chemical composition of a substance. 

Fractional distillation is the separation of a (mixed) 
distillable liquid substance by distillation, by collecting the por- 
tions or fractions which pass over at varying temperatures. 

Freezing point of a substance is a temperature for that 
substance at which both the solid and the liquid state of it 
may remain unchanged in contact with each other. 

Gas equation, for an ideal gas volume V c. c. at pressure 
P per sq cm. and temperature T° Abs. is : 

PV-ET, 

This is not rigidly true 
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Gay Lussac’s law says that when a gas combines with 
another gas to form a compound which is also a gas then the 
ratio of the original combining gases and the gas formed are 
always in integer numbers 

Glass is a solidified undercooled solution of seieral sili- 
cates (sodium and calcium silicates) in excess of sand. 

1. Glass soluble is water glass 

2 . Glass, water is sodium silicate. 

Graham’s law says that the speed of the gases is imer- 
sely proportional to the square root of their densities. 

Heat of combustion (of organic bodies) is the total 
amount of heat liberated by the complete combustion of a 
gram-molecule of a compound. 

Heat of decomposition is the heat given out or absorb- 
ed when a substance is split up. 

Heat of formation is the amount of heat developed 
(+ ve) or absorbed ( - ve) in the formation of a gram molecule 
of exo or endo-thermic compounds respectively. 

Heat of reaction is the total change of heat involved 
in any reaction. 

Heat of solution is the amount of heat developed 
( + ve ) or absorbed ( - ve ) in the solution of a gram molecule 
of a substance in a large excess of the solvent. 

Heat, latent, of fusion is the amount of heat necessary 
to transform one gram of a substance at its melting point from 
the solid to the liquid state. ““ 

Heat, latent, of vaporization is the amount of heat 
necessary to transform one gram of a liquid at its boiling point 
completely to the state of a gas. 

Heat, specific is the amount of heat required to raise unit 
mass through i°C. 
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Atomic heat = specific heat x atomic weight. 
Molecular heat = „ » x molecular „ 


Henry’s law says that the solubility of a gas is propor- 
tional to the pressure at constant temperature. 

Hess, law of, states that the heat evolved in a chemical 
process is the same whether it takes place in one or in several 


Hydrolysis is the decomposition of a compound by the 
elements of water, e. g. 

B1CI3 + H2O = BiOCl + 2HCI. 

In the case of organic esters. 

R.COOK + H2O = R.COOH + KOH. 

This process is often termed saponification. 

Ions are the individual parts of a molecule which conduct 
the electric current: anions transporting negative, and cations 
positive electricity. 

Isomorphism, is that state when different substances 
assume the same crystalline form. 

Kaolin is the ordinary clay when it is pure and white. 

Lavoisier and Laplaoe, law of, states that the amount 
of heat that is required to decompose a compound into its 
constituents is exactly equal to that which was evolved when 
’the compound was formed from its constituents. 

Mass is the quantity of matter in a substance. 

Mass action, law of, states that the rate of a chemical 
action in a system is proportional to the active mass present 1. e. 
to the concentrations of the reacting substances. 

Mass active is not the total amount of a substance tak- 
ing part In a reaction but it means the concentration of the 
substance in gram-molecules per litre. 

43 
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Matrix is the Impurity usually of earthy matter that is 
present in an ore. 

Melting 1 point M. P. is the temperature at which the 
solid and the liquid phases of a substance are in equilibrium 
under the same vapour pressure. 

Membrane, semipermeable, is a surface though which 
certain substances can pass freely, while the passage of others 
is being entirety retarded. 

MendeleefPs, law of, states that the whole of the pro- 
perties of the elements, both chemical and physical, vary in a 
periodic fashion with their atomic weights. 

Metal is an element that forms cations or that element 
which is base forming. 

Metallurgy is the art of extraction of metals from the 

ores. 


Minerals are natural substances found in mines. These 
substances may or may not contain a metal. 

MitscheLrich, law of states that substances such have 
analogous composition crystallize in the same shape t e. they 
are isomorphous. 

Mixt ure is a heterogeneous body the composition of which 
can be varied at will and the mixing up of the components does 
neither result in any thermal change nor change of properties. 

Molecule is the smallest amount of an element or a com- 
pound capable of individual existence. 

Mortal is the mixture in water of slaked lime Ca(OH )2 
and sand Si02. 

Multiple proportions, law of When the same two 
elements combine together to form more than one . compound, 
the definite wights of one of the elements which combine with 
a constant weight of the other bear a simple ratio to one 
another. 


i 
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Neutralization !n the act of nullifying the property of an' 
acid by a base or vise-versa. 

Occlusion is the condensation of a gas or a liquid at the 
surface of a solid. 

Ore, is a mineral which is of value for the extraction of 
useful substance or even finds application in their manufacture. 

Oxidation is increase in the valency of an element or a 
radical m the positive direction or the decrease in the valency 
of an element or a radical in the negative direction. 

FolymenSation’is the state when substances have the 
same percentage composition but differ m their molecular 
weights. 1 

Polymorphism is the state when a substance exhibits 
the property of crystallization in more than two forms. 

Porcelain is an article made of clay & glazed with some 
substance that fuses at a high temperature, thus giving it a coat- 
ing and at the same time binding the body, of the material 
together in coherent mass. 

Pressure, osmotic, is the pressure exerted by the parti- 
cles of a solute in solution. 

In very dilute solutions, osmotic pressure obeys the 
laws of gases with respect to the temperature and 
concentration of the solution. 

Pressure, vapour, is the pressure exerted by the vapour 
of a liquid or a solid in equilibrium with the liquid or a solid at 
a given temperature. 

Properties, additive, are the summations of the value for 
a given molecule calculated from the appropriate atomic con- 
stants. 

Properties, oolligative, are such values that they are 
the same for equal number of molecules of different substances. 

Properties, constitutive, are the values that are not 
susceptible to calculations as in the case of the additive-proper- 
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ties, but depend upon the chemical nature and the atomic 
arrangement of a given molecule. 

Radical is an atom or a group of atoms of the same kind 
or of different kinds and which acts or goes through reactions 
undisturbed all along and which is capable of being detached 
and trasfeTred to some other. 

Reaction, is an action owing to which bodies modify their 
constitution, so as to cease being what they were and gives rise 
to the formation of one or more new substances. 

Reduction is the decrease in the valency of an element 
or a radical in the positive direction or the increase in the 
valency of an element or a radical in the negative direction. 

Reversible reaction is a reaction in which there is a 
state of equilibrium established due to the velocities of the ' 
direct and the reverse reactions being equal. 

Salt is compound got by the neutralization of an acid and 
a base and eventual removal of water. 

(1) Iformal-salt is one where in the molecule does 

neither contain any portion of unneutralized acid 
or a base still left over. 

(2) Acid salt is one which has some hydrogen radicals 

still un-neutralized in the molecule. 

( 5 ) Basic salt is one which has some hydroxyl radicals 
of the neutralizing base still left over in the mole* 
cnle. 

(4) Complex salt is one which yields in solution ions 

other than those of the salts from which it is formed. 

(5) Double salt is one which in soiution decomposes 

into its constitutent salts and then gives reactions 
for their individual ions. 

Slag Is the body which is formed of the mixture of solu* 
tion or the flux and the matrix. It is liquid while in the 
furnace but sodifies to a compact mass on cooling. 



G .3 


SOME IMPORTANT TERMS. 


Ivii 


Solubility of a solid la a liquid is the weight of the 
solid in 100 parts by weight of the liquid at a given tempera- 
ture. 

Solubility coefficient of a gas in a liquid is the volume 
of the gas at N. T. P. dissolved by the unit volume of the 
liquid. 

Solubility product is the product of the active masses 
of the ions in the saturated solution of a salt 

Solute is a conventional term indicative of the constituent 
of a solution which forms a relatively small proportion of the 
whole. 

Solution is a homogeneous body which cannot be separat- 
ed into its constituents by mechanical means, but the propor- 
tions between the constituents are, within limits variable. 

Solution, ionic theory of, attributes the phenomena 
of electrolysis to the dissociation of the solute into ions or 
eleorically charged particles. 

Solution, pressure in the tendency on account of which 
ions-of the metals-are driven into solutions no matter whether 
the ions are of the same kind or of the same valency. 

Solution, saturated is that solution when the solvent 
cannot take in any more of the solute at the same temperature. 

Solvent is similar to solute a conventional term indicative 
of the predominating component of a solution. 

(The two terms 1 solvent 1 and ‘ solute 1 are interchangable It 
is a mere question of the individual quantities.) 

Sublimation is the process of converting a solid directly 
into its vapours without the intermediate liquid state and cool- 
ing the vapours into a solid state again 

Supersaturation is a condition wherein there is presence 
of more of the solute than is necessary for equilibrium at a 
particular temperature. • 

Symbol is a letter (or letters) which is significant and 
stands for the name of an element. 
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Valency is that property of an element which expresses 
the largest number of either atoms with which the atom of a 
given element is known to combine directly or which determines 
how many atoms of another kind it can hold in combination. 

Vapour density is the relative weight of a gas at the 
same temperature and pressure compared with hydrogen as 
the unit. 

Vapour pressure is the pressure of the vapours of a 
substance (usually \\ ith reference to a liquid and especially 
water) exerted on the liquid and on the vessel as well. 

Velocity, reaction, is the number of gram molecules of 
a substance transformed from one system into the other in unit 
of time. 

Volume, speciflo, is the inverse of relative density i c. the 
ratio of the volume occupied by i grm of a substance at 25 0 C 
to that of 1 grm of water at 4°C (t c .c.). 

Water of constitution is that quantity of water that 
forms part and parcel of a compound and makes the nature of 
the compound change when it is removed from it. 

Water of crystallization is that quantity (molecules) 
of water which is necessary for the building up of the crystals. 

Water of hydration 13 the quantity of water necessary 
to form a hydrate of a substance, (either an element or a 
compound). 
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L VAPOUR PRESSURE OP WATER. 
(Tension of Aqueous Vapour in nun. of Heronry.) 
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IL - ELECTROMOTIVE SERIES. 
(Table of order ofaotivj.ty of the metals.) 


Each metal, when placed in a solution of a salt of 
one of the metals following in the list, displaces the 
second metal and deposits or precipitates it, in the free 

i 

condition. 


Potassium. 

Sodium. 

Barium. 

Strontium. 

Calcium ' 

Magnesium. 

Aluminium. 


Zinc. 

Chromium. 

Cadmium. 

Iron. 

Cobalt 

Nickel. 


Tin. 

Lead. 

Hydrogen. 

Copper. 

(Arsenic) 

(Antimony)' 

(Bismuth) 


Mercury. 

Silver. 

Palladium. 

Platinum. 

Gold. 


m. MASSES OP 1 C. 0. DRV GASES AT N. T. P. 
i c.c. of dry hydrogen at N.T P. weighs 0.0000199 gnn. 

1 c.c. of dry air at N.T.P. weighs 0,008203 grm. 

1 c c. of any gas at N.T.P. weighs 0.0000449 x M. Wt 
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Explanation of how to use Logarithmic Tables , 

Ever) student who has gone through the chapter on Logarithms 
must hate noticed that there is a great saving of time if logarithms are 
used to aid the processes of solving, fractions of good man' degits, 
especially multiplications and divisions A short explanation of the use 
of these is given below just to help the memory of the Intermediate 
Science students who are supposed to hate gone through the chapter on 
logarithm in their First Year Course 

The logarithm of a number is the index of the power to which the 
number taken as base must be raised to equal the given number To 
find the log of a vulgar fraction it roust be expressed as a decimal fraction 

The loganthm of any number usually consists of two parts (i ) partb 
integral and (2} partly fractional The decimal fraction which is called 
the Mantissa [L. addition or increase] in found out b) reference to the 
logantfamic table and the integral part catted the Characteristic is obtain- 
able by mere inspection The characteristic may be either (r) positive 
(a) zero or (3) negative and which of these three, the one under question 
is can be settled by mere inspection of the number of which the 
loganthm is required Thus — 

To find the Characteristic of any number . 

(1) The characteristic of a loganthm is positive if the number is 
greater than 1 and is one less than the number of digits before the 
decimal point. 

(2) The characteristic of a number less than 1 is negative and is 
one more than the number of ciphers immediately after the decimal point 

To find the Mantissa of any number 

(1) The mantissa ofloganthms of all the numbers having the same 
significant figures are the same. 

While referring to the loganthmic tables for the 0 f a 

number, no notice at all must be taken of the position of the decimal point 
m the number under consideration, but only the significant figures be 
noted 
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Thus 6656 1 $ the mantissa for each of o 0463 , o 463 , 4 63 , 46 3 , 
4630 and so on. But the chsractenstic will be different m all these 
cases • 

Thus — 


log 

4630 

2'6656 

n 

46 3 

1 6656 

n 

463 “ 

0"66s6 

M 

0463 - 

*1 6656 

91 

0 0463 = 

26636 


In general it may be stated that the characteristic will be 

n - 1 for » figures before the decimal point and it for .nth 
decimal place for the first significant figure 

In order to find the mantissa of the logarithm of a number say of 
four significant figures 

( 1 ) Look for the first two significant figures in the first column 

of the table. . 

( 2 ) Proceed along the row containing the above two figure' 

and stop at the number which is just below the number 
which is the third figure 

( 3 ) The number m the column headed by the fourth figure 

in the same row ’s then added to the number found 
m ( a ) 

( 4 ) the sum is the complete mantissa 


Example : — Fmd the log foi 2 367. 



0 

1 

2 

3 

4 

5 


fl 

8 

9 

g 

4 , 5.6 

7.8, 9 

25 

3979 

3997 

1014 

4031 

4048 

4065 



4116 


2 

B 

m 


4082+ 12 = 0 4094 
.* log 2 367 = 0 4094 


• l ^ e tnantlssa '* always, kept positive it is a common practice 

*? * e r 9 mus S 8 11 abmi the negative charactenstic so as to denote 
that it is the characteristic alone that and not the mantissa which is 
negative. > 
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Solution of fraction invokes chiefly multiplications Pnd divisions, 
usually preceded by multiplications. These multiplications and divisions 
from the logarithmic point of view are nothing more, than either addition 
or subtractions of the different logs found and then their conversion by 
reference to the antiloganthmic table 


Multiplication by Logarithms 

When we have to multiply different numbers together what vve have 
to do is first to add up the corresponding logarithms together This 
gives us a new loganthm' 1 his new logarithm converted will give the 
number wmch is the actual product of the multiplication The numbers 
corresponding to the new loganthm can be got by reference to the anti- 
loganthm table 

Example : — 

(i) Multiply 1927 x *2501 

Look for the figure 19 in the first column. Then proceed along 
the same column and the figure under 2 (2833) would be the mantissa 
for 192 but as vve want it for 1927 we proceed further for the fourth 
figure in the last section of the table and there we find 15 below 
7. Therefore the mantissa for 1927 would be 2833+ 15 = 2848 and 
hence the log would be 

3 2848 

Similar!) for 25° 1 *he log is i* 398 r 

3 2848 

1 39^1 

2 6829 is the log of the product. 

Now turning to the antiloganthm tables and treating the mantissa 
only exactly like the numbers that were treated for in the log table we 
getmantissa 6829 = 4819 But the characteristic for the new log is 2 
and hence the number which corresponds to the mantissa has to 
three figures befoie the decimal point and therefore it is 481*9 
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Division by Logarithm 

The process of division is Almost exactly the same as multiplica- 
tion except where there the different logs were added,, here they 
are to be subtracted Thus in division the loganthm of the divisor is 
subtracted from that of the dividend 

Example • — Divide 30 56 by 4 105 
log 30 36 “i 485* 

„ 4105 = 06133 

0 8719 

From the antiloganthm table we get 

log o 87 19 ~ 7 44 as the number 

But in case where the divisor is a bigger number than the dividend 
then a point is to be remembered when the subtraction is made Thus 
suppose we have to divide 

380 5 by 3879 o then — 
log 3805 =*5804 

l°g 3 S 79 0 - 358B7 

29917 

JV j S. The above examples gives us a negative charactenstic in the 
result and leads to the pnnciple that when subtracting the charac- 
teristic of one logarithm from that of another, the sign of the charac- 
tenstic which is subtracted is to be changed and then only it is to be 
added to tne upper number Here thus 3 becomes f, this plus the 
1 borrowed in the subtraction of the mantissa which r is always 
X, gives us in all ? which added on to 2 give us z 


The copyngbt of that portion of the above tables which gives the 
logarithms of numbers from rooo to 2000 is the property of messrs 
Macmillan and Company, Limited 


/ 



INDEX 


page. 


Abnormal constants 

148 

Absolute Zero 

mm 

67 

Acid 


126 

II 

... 

157 

Acidity 


133 

Acid-salt 


134 

Active Mass 

... 

252 

Alchemy 

... 

s 

Alkahest 

... 

5 

Alkali 


six 

AUotrop)- 


3 i 

Alloy 


XXXV 

Alummo-Tliermy 


iv 

If II 

.. 

209 

Aluminium 


209 

Amalgam 


XXXV 

Amorphous 

... 

105 

Amphoteric substance 

267 

ii it 

• - 

269 

Anode 

... 

- 5 1 

Aqueous tension 

... 

97 

Art 

... 

2 

Ash 

... 

xxviii 

ft 

... 

xxix 

Asymmetric 

... 

108 

Atom 

. a 

‘9 

II 

... 

215 

Atomic heat 

.. 

238 

Atomic theory 

... 

20 

Atomic weight 

. . 

46 

II II 

... 

224 

>» II 

... 

232 

Auto-catalysis 

... 

xxxiv 

Avogadro’s hypothesis 

89 

it ii 

... 

214 

Balanced reaction 

... 

249 

Base 

... 

126 


/ 

PAGE. 

Basicity 

... 

133 

i» 


157 

Basic salt 

... 

134 

Black-art 

... 

1 

Body 


10 

Boiling point 


103 

Boyle’s law 


6 7 

Bricks 

... 

XXI 

Carbon 

... 

208 

Carbonates , 


il 

xvi 

II 

... 

Carbon monoxide 


208 

Catalysis, Catalysei 


xxxi 

Cathode 

... 

151 

Cement 


xxii 

Charles’s law 


68 

Chemical affinity 


20 

11 11 

... 

25 

Chemical equivalent... 

177 

Chemical primary 

... 

12 

Chemistry 

... 

4 

China clay 

■ a. 

xxi 

Chloride 

... 

ii 

II 


xiv 

Circuit 

Coefficient of 

... 

174 

absorption 

... 

77 

Combination 

■ a 

28 

Combining Weight 

... 

39 

>1 II 

... 

44 

_ » II 

Complex ion 


224 

267 

11 >1 

... 

268 

Compound 


*4 

Compressibility 
Condensation 
Conservation of . 

... 

66 

9i 

mass 

... 

33 



INDPX 


i! 


PAGE 


P XGT. 


Constant boiling 
solution 

Constant proportion .. 

( Composition ) .. 

Constitutional 
formula 

Critical prcssuie 
Cnth 

Cryst'llmo 
Current 
Dalton’s law 
Decomposition 
Decrepitation 
Definite proportion 
(composition) 
Deliquescence 
Density 

Diatliermanous 
Diffusion ... 
Dimorphous 
Dissociation 

II 

Double decomposition 
Duahstic theory 
Dulong and Petit’s 
law 

Efflorescence 

Electricity 

Electro affinity 
Electrolyte 

II • • 

Electro-chemical senes 
Electrolytic Dissocia- 
tion 

Electron ••• 

Electronic theory ... 
Element 
Elixir of life 
Empirical formula ... 
Endothermic 


116 

35 

58 

104 
101 

105 
174 

82 

29 

112 


35 

109 

99 

65 

66 
112 

30 

139 

29 

146 

238 

109 

207 

209 


*7 

18 


Enoigv 

275 

Enegv free 

275 

liquation .. 

6 1 

Equilibrium constant 

256 

Equi\ alent proportion 

39 

Equivalent weight ... 

44 

Ester formation 

25 * 

'01 

E\ aporatton 

»• ■ 

97 

Exothermic 

28 

It ' 

27a 

Expansibility 

6S 

Faraday's law 

175 

Flux 

111 

Formula 

5 ° 

Fractional distillation 

1 18 

Freezing point 

105 

Gas ... 

4 

Gay Lussac’s law' ... 

80 

Glass 

XXIV 

Glare 

XXIII 

Graham’s lasv 

Gram molecular 

7S 

weight 

Gram molecular 

250 

volume 

230 

Graphic formula 

60 

Halogen ... 

205 

108 

Hardness . 

Heat equivalent 

274 

Heat ol combustion . 
Heat of decomposi- 

2/5 

tion 

274 

Heat of formation 

274 


Heat of solution 

•• 275 

Heat oF reaction 

. 276 

Henry’s law 

7 2 

Hess's law 

278 

Humidity . 

97 

Hydro-acid 

128 

Hydrogen .. 

127 

Hydrolysis 

. 167 



INDEX, 


Hydrolysis 


Molecule 


Hydrogen 
Hydroxyl ... 
Hydrosulphuric acid 
Hydroxide 

II ••• 

Hypothesis 
Ideal Gas 

Ion ... 

Ibnic hypothesis ... 

Ionic theory 

Ionization 

Isometric 

Isomrophous 

Ionogen 


Isomorphism 
• Isotonic 
Kinetic theory 
Law 
Liquid 

Mass Action law 

II II II 

Matrix 

Matter 

Mean Free Path 
Mean velocity 
Mendeleeffs lawol 
Periodic system 
Metallurgy 
Metals 
Minerals 
Mineral matter 
Mitscherlich’s law 
Mixture 

Molecular formula 
Molecular kinetic 
theory 

Molecular Weight 


Monoclinic 
Mortar ... 

Multiple proportion... 
Neutralization 
Nitrate 

Nitric acid • ... 
Normal salt 
Orthorhombic 
Osmotic pressure ... 
Oxidation ... 


Oxidising agent 


Oxy-acid 

» ••• 

Oxygen 
Periodic Law 
Partial pressure ... 

Peroxide 

Philosopher's stone ... 

Phlogiston 

Phosphates 

Polymerisation ... 

Polymorphous 

Pottery 

Proportionality factor 
Radical ... 

Rational formula ... 

Reactants ... 


Reaction velocity ... 
Reciprocal proportion 



IV 


INDEX. 



PAGE. 

Reducing agent 

ka* 

211 

Reduction ... 

••• 

198 



201 

Relative density 


100 

Resultants 

• *• 

248 

Reversible reaction 

... 

247 

Salts 

... 

11 



126 

Salts complex 

... 

163 

Salt double 


163 

Salt formation 


132 

Salt normal 


167 

Science 

... 

2 

Silicates ... 


ii 

II 


XVI 

Slag 


ill 

Solid ... 

»*• 

4 

Solubility product 


266 

Solution ... 

• •• 

*7 

11 


92 

»* 


114 

Solution pressure 


182 

Specific gravity 


ICO 

Specific boat 


238 

Standard pressure 

... 

66 

Standard temperature 

66 

Sublimation 

... 

101 

Substance 

... 

11 

Substitution 

... 

29 


Sulphates 

•i 

Sulphur dioxide 
Sulphides 

Sulphuric acid 
Supersaturated 
solution 
Symbol 

Symbol Weight 
Tetragonal 
Theory 

Thermal dissociation 92 

»> » 

Thoimite process 

It It 

Thermochemistry 
Thermoneutrahty 

ft 

Tnclinic 
Valency 

ft 

Vapour density 
11 a 

Vapour pressure 
Water ot constitution 110 
Water of crystalliza- 
tion ••• *°9 

Water of hydration ... 109 


PAGE. 

... II 

... XV 

... 209 

... II 

... XV 

... 206 

... 119 

... 48 

... 5® 

. . 107 

8 


... T40 

... iv 

... 209 

... 274 

... 149 

. . 280 

... 108 

... 187 

... 193 

. 100 

.. 218 

97 


Primed by 8. V. Kwnat, at Kamit Printing Press, Gorerdhan Building, 
Paitkli Street, Bombay No 4 



St. Xaviep’s College Science Books. 


Chemistry. 

Books. Authors. 

i. Inorganic Chemical Analysis. Re. i. H. Sierp S. J. 

а. Supplement to the above (Why R. N. Bhagvat 

and wherefor of the re- 

agents used.) As 2. 

3., Carbon and its Compounds. R. N. Bhagvat. 

(Organic Chemistry) ... Rs. 4. 

4. A Course of Practical Che- R.N.Bhagvat& ■ 

mistry ... Rs. 3. S. K. Cbhapgar. 

5. Solutions of Int. Sc. Exami- K. R. Ka padi ;. 

nation questions Rs. 1-2-0 

б. Elements of Chemical Theory R. N. Bhagvat. 

«.nd Chemical Arithmetic .. Rs. 4. 

The above books are adapted to the Intermediate Science Course 

Botany. 

1. Natural Orders in Botany Rs. 2. E. Blatter. 

2. Plant Types for College E. Blatter. 

Students Rs. 2 , 

3. Ferns of Bombay R,. ,.8_ 0 J Blatter & 

' ID. Almeida. 

4. Mom** iphs on Plant Mor- D. Almeida & 

« phology Rs. 2.13-0 D. P, Mullan. 



Zoology. 

Animal Type* for Colloqe J P Mull.in 

Students ... .. Rs, 5 


Geology. 

Elements of Pctroloqy for A. S. Ka 1 .tpc«i. 

College Students ... Rs 3. 

Physics. 

Elementary Physic- for tlit K. V. Jo-hi. 

First Year Students ... Rs i-io-o 


All the hrohs of line series nre <rtlrl at mt ttrity.. 

All the above books can be had 
At 

THE ST. XAVIER’S COIiUEGE, 

Cooperative Stores, Ltd* 




